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ABSTRACT 


Finding overall system effectiveness from a multicriterion 
environment using SAM wearon systems as an example, is the 
purpose of this thesis. SAM weapon systems were rated by four 
groups of experienced individuals, and judged overall system 
effectiveness for each system was calculated using the Con- 
stant Sum Scaling Method. Multiple regression analysis was 
then used to establish a functional relationship between over- 
all system effectiveness and weapon characteristics (including 
missile price). It was concluded that there were no signifi- 
Cant differences among the judged results in the four groups, 


nor between judged and functional overall system effectiveness. 
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I. INTRODUCTION 


Pemeasure of effectiveness (MOE) is a correlate, an esti- 
mrcOr, Or a predictor of true value. It is used to find out 
how well an existing system works, or to find out what an 
Existing system 1s worth compared to other similar systems. 

A MOE can be used to make an existing system work better, or 
Moedesign, select, and prepare to operate future systems so 
that they will achieve a higher performance. A MOE should be 
operational, measurable, analytically tractable, and able to 
Support decision making [1]. 

The MOE of a weapon system is an important, if not one of 
the most important aspects of military planning. "Which 
System 1s most effective?", "how much better is one weapon 
System than another among similar systems?", "what effect 
foe a Change in a major characteristic of the system have on 
the overall MOE of the system?"', are questions that have to 
be answered before any final decision can be taken about 
which weapon system to buy. 

In this paper Surface to Air Missile (SAM) weapon systems 
are chosen to illustrate one methodology used to answer such 
questions. <A structured relationship between MOE's obtained 
mom Military experts' judgments, and major system charac- 


teristics will be developed, so that experts' judgments will 





PemeeteceSSarily be required when the performance of similar 
Syeeems are to be assessed in the future. 

@mtocer 1] will give the research approach (and what's 
fomisual about it). Chapter III will cover the concept and 
the general experimental procedure. The chapter will discuss 
the choice of the major SAM characteristics, and how necessary 
data was collected. Selection and grouping of judges will 
also be outlined. The content of Chapter IV is an introduc- 
tion to the Constant Sum Scaling Method, and the use of the 
Method to compute the overall system effectiveness for each 
weapon system, within each selected group of judges. 

A functional relationship between the system effective- 
ness and the system characteristics will then be established 
in Chapter V using multiple linear and nonlinear regression 
analysis. Major conclusions, observations, and recommenda- 


mens Will be given in the final chapter. 
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Lee be Cheer PROACH 


An MOE is normally used together with a concept or model 
of a system of operations (characteristics for SAM weapon 
systems in this study). Combining individual MOE's for each 
operation (characteristic) into an overall system effective- 
Mees is not a trivial problem. The usual approach is to find 
some linear or nonlinear combination of the individual MOE's 
that will give an overall MOE for the entire system of opera- 
tions. The equation obtained from the best combination will 
give an estimate of the overall system effectiveness. There 
is however no way the obtained estimator can be tested because 
the true overall system effectiveness is indeed unknown. 

A different approach, that attempts to find an equation 
that 


(1) tends to reflect that way decision makers are 
thinking, and 


(11) can be tested, 
meine Main purpose of this paper. In Chapter IV an overall 
judged system effectiveness value will be established for 
each of seven SAM systems, independently of any linear or 
nonlinear combination of individual MOE's. Then in Chapter 
V, these judged overall system effectiveness values will be 


compared with least-squared error models of the individual 


ie 





MOE's (characteristics). The difference between the two 
independently obtained overall system effectivenesses is then 
reflected in the least-squared error (SE = (S - ae which 
is a good measure of the accuracy of the candidate model. 

A methodology has thus been established that allows testing 
of the overall system effectiveness models. This area of 
analysis is found under various titles, but is most often 
referred to as Policy Capturing [2]. For the purpose of this 
paper, judgement modeling will probably be a more consistent 
terminology. 

It must be emphasized that this paper will estimate the 
overall system effectiveness of SAM weapon systems by measur- 
mee and judging only selected operational characteristics 
and missile prices. Other elements of combat that are of 
equal or greater importance will not be reflected in this 
research. It should thus be recognized that the applied 


methodology has substantial limitations. 
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Pie er cenrmeN LAL DESLGN 


ms Chapter describes the general concept of a func- 
tional relationship between independent and dependent 
variables, or in other words, between individual weapon 
system characteristics (MOE's) and judged overall system 
effectiveness, respectively. Another purpose of the chap- 
ter is to demonstrate how data was collected, and further 
to discuss selection of weapon systems and characteristics, 


using SAM weapon systems as example. 


ae CONCEPT 

One problem to be solved in this paper is how to find a 
function that can estimate one set of dependent data (over- 
all system effectiveness) from another independent set of 
data (system characteristics). This concept is notationally 
expressed in Figure 1, or if expressed in matrix notation 


aS. 


IM> 
| 
~~ 
os 


owe: Xe). (1) 


eS 





Instance Estimated Values Function Independent 


For Independent Variables Known 
Variables Values 
: =I mee es in 
: +. ieee 2 on 
F 
n-1 esl See em 
: on nl eee ar 
Pou emer 


Functional Relationship {3: p. 53] 


The above model (relationship) has n systems or in- 
stances, and thus n overall system effectivenesses have to 
be estimated. Mathematically each estimated value would 


then be noted: 


S5 = F (xX --- Mew to =e li 2. =-=on. (2) 


il’? *i2? > Xin 
B. GENERAL OUTLINE 

Figure 2 illustrates how the experimental procedure is 
mivided into three separate sections. A detailed dis- 
cussion of Section I will be covered in this general outline, 
While Sections II and III (scaling to determine overall sys- 
tem effectiveness and determination of the functional rela- 
tionship between overall system effectiveness and system 
Characteristics) will be discussed in Chapters IV and V 


mespectively. 
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ieee celection of a Weapon System and Its Major 
Oharacterirstics 


SAM weapon systems were chosen to illustrate the 
methodology of finding overall system effectiveness of 
weapon systems. In order to avoid using classified data, 
and further to avoid judges having certain preferences to 
well-known systems that unconsciously could change their 
judging, seven fictitious SAM weapon systems (A - G) were 
designed. Real-life systems were thoroughly studied to 
make the designed systems as realistic as possible. The 
primary operational mission was chosen to be point-to- 
point defense with area defense as a secondary mission. 
Selection of weapon system characteristics proved to be 
more complex than imagined. There are of course, a large 
Variety of characteristics that affect the effectiveness of 
a weapon system. The fact however that some characteris- 
Mmeceaitter very little among different systems made the 
choice a little easier. These characteristics could be 
excluded because they would not make any significant 
Changes in the analysis. Finally, the following four SAM 
weapon system Characteristics were selected together with 


missile price: 


Xy > kill probability of a single shot 

X, > reaction time (seconds from detection to missile 
launch) 

X. > max effective range (in km) 
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X > average missile speed (in mach) 
X >: missile price (in 10,000 of dollars). 

The operational aspects together with the purchase 
price of new missiles were considered as the most important 
semblance to this study, and were thus the main reason 
for the choice of the above characteristics. Other charac- 
teristics like mobility, missile guidance, and system 
Maintainability are all important characteristics, but were 
considered less operationally significant. In addition, it 
would be difficult to obtain useful numerical values for 
Gacn Of them due to lack of standard measurements. The 
characteristic values describing the seven fictic SAM 
weapon system are shown in Table l. 

meeoclection of Scaling Method 

Many scaling methods could be used to obtain system 
effectiveness by judges using data from Table 1. Numerical 
evaluation, ordinal, categorial judgement, or the Constant 
Sum Scaling Method could all be used. In this study it is 
however a question about judging how much better one system 
1s than another. A ratio scale that can be used directly 
for comparison of the two systems is thus necessary. Judg- 
ments are further required on a rather high-level scale so 
only modest computational efforts (not time consuming) are 


needed. The number of systems to be compared is also rather 


moderate. Among those scaling methods available the Constant 


Sum Scaling Method seems to be one that fits the purpose of 


mis study. 
ee 
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3. Selection of Judges 

iienecmoppedGs Combe mo rule or standard for desig- 
Mating individuals as "experts". Officers with a good 
theoretical and practical background on SAM weapon systems 
proved to be hard to find. The chosen approach was there- 
fore primarily to use the resources already available at the 
Naval Postgraduate School (NPS) in form of its officer 
Students. A questionnaire was sent out to every Navy line 
officer with experience from surface-ships, and to every 
naval aviator. A total of 450 questionnaires were distri- 
buted at NPS and 112 were completed and returned. Of those, 
51 were from line officers with experience from SAM weapon 
system. Later in the study these 51 responses will be 
referred to as Group 2. An additional 13 questionnaires 
were received from officer students having exceptionally good 
theoretical and practical background (Army, Air Force, or 
Naval officers with air defense (AD) billets, or with AD 
Separtment head experience). Ten questionnaires were also 
completed and returned from the US Army Air Defense School 
at Fort Bliss, Texas, and 15 were received from the Royal 
Norwegian Air Defense Academy. All together this makes an 
additional group later referred to as Group 3, with 38 indi- 
vidual answers, considered to be the real experts' judgments. 
By combining all the obtained data, a fourth group with 137 


completed questionnaires was established. 


US. 





Having grouped the answers the above way, a wide 
variety of analytical judgments are covered. It was anti- 
mepated that Group 1, the naval line officers, would pro- 
bably consider primarily the defensive aspect of the missile 
Systems, and Group 2, the naval aviators, would equally 
probably consider primarily the offensive aspect. Group 3 
would hopefully, being at a high level of experience, 
judge both the defensive and the offensive aspects. 

fmeeeereparing the Questionnaire 

Questionnaires employing the Constant Sum Scaling 
Method tent to be lengthy because n x (n - 1)/2 judgments 
have to be made (n being number of instances) [4]. In this 
Study 21 pairs have to be judged. This requires a quick, 
easy and accurate method to compare two SAM weapon systems 
Beeeeneir characteristics, and judge how much better one is 
Maan the other. Within each of the 21 pairs, the judges 
will be asked to make ratio scale judgments by splitting 
100 points in term of the relative overall effectiveness of 
the two SAM weapon systems. For example: A 80 B 20 if 
the judge considers system A has four times the overall 
Mmeeecm citectiveness as system B, or: A 50 Deedes Chie 
judge considers system A to be equally effective to system 
fee ihe questionnaire is displayed in Appendix A. 

So far in this paper, seven SAM weapon systems with 
five characteristic values have been chosen as a data base. 


A scaling method has been selected, and a population of 
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Sees identified. Questionnaires have been sent, and 
answers have been collected. The next chapter will evaluate 
the information obtained from the judges, and establish 

Ene judged overall system effectiveness values for each 
weapon system within each of the four groups, using the 


Constant Sum Scaling Method. 


Zn 





See eo MulweroONe Or ofolEM EFFECTIVENESS 


Having collected all necessary data, the next step is to 
compute the overall system effectiveness, and to compare the 
results obtained within each of the four groups. 

Sere CULATION OF THE OVERALL SYSTEM EFFECTIVENESS FOR 

EACH WEAPON SYSTEM WITHIN EACH GROUP USING THE 

CONSTANT SUM SCALING METHOD [5: pp. 105-116] 

The Constant Sum Scaling Method is designed to scale a 
Meemerty having either a natural origin or an origin upon 
which judges agree [4]. The values sought and obtained in 
this study will be the system effectiveness values for each 
weapon system obtained from each group, labeled Say 


1 = A, ---, G; k =1, ---, 43; such that for example §S 3 will 


F 
be system effectiveness obtained for Weapon System F from 
judgment Group 3. Each judge has been ‘asked to make a ratio 
scale judgment by splitting 100 points within a pair of in- 
Stances (weapon systems). If n were the number of instances, 
a total of nx (n-1)/2 pairs had to be judged. 

Let an be the notation used to represent the number of 
points a judge gives to instance j when it is compared to 
Se rance 1. For each judge the n x (n-1)/2 responses can be 
arranged in a matrix A where cross diagonal elements sum to 


100 and where all diagonal elements (representing instances 


compared to themselves) are 50. If there were p judges all 


Zz 





together, a new matrix A, being the average of all the indi- 
vidual response matrices, could be constructed with elements 


being 
a as (3) 


The next step is to compute a new n x n matrix W with 
ae. 
elements W.. = 1 ; (4) 
1j — 
aveus 
5) at 
In W, cross-diagonal elements will be reciprocal to each 
Other and diagonal elements will have the value l. '"Each 
element Wee provides an estimate of the ratio of two of the 
scale values we are seeking, 5 and S35 and we could write 
W.. = estimate of 


1) 


rt 


Ei Bel eaten valuc OF Instance J inde. 3 | 
PocmiaICmOLEniStance 1 ee 


Since there are more estimates (21 ee than there 
are instances (seven weapon systems) to be estimated the 
solution given in the W matrix will be overdetermined. One 
Semid tor example compare systems A and B in (n - 1) dif- 


ferent ways: 


W. 
Wap and we ee weet Ge wilere In General 
iB 
mg) iA 
AB W. 
1B 





moeresolve this multiple estimate problem a least squares 
mepmeach over the estimates may be used. If the estimation 
iempertect we would have 


S. 
sD 
Ws S . 9) 


and by taking the natural log on both sides we get 


ILigl Wee - (ln 2 male Ty S;) = Q. (6) 


To get as close as possible to this perfect solution we want 
(ein, Ws - (ln 25 - In S;)) to be as small as possible for 


J 
each pair of instances 1, j. In other words we want to find 


the values for Sy > S55 ~--, o that minimize 
Q= 2f Peeve = (InS. - InS.)] , (7) 
Tl j=l 1J J 1 
Or 
n n 7 
we= + Giessen = 2 xX InWe. x @linSe @ 2 x InW.. x S. 
=r 421 1j 189 1 1 i 


2 Z 
+ (ins ;) - 2x bes. xe Ins, + (1nS, ) ]. 


In order to minimize Q we take the n partial derivatives with 


respect to ae io-elee ee ----n, and set them equal to zero. 
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Th qh Th Th Th Th 
y eS. = » InwW Piheye): 2 SS, 
i=l jel eee 2) = 1) 1 2 


es f1,2,---5n. (8) 


in order to give a solution entirely in terms of the 
observed ee HemIsemMecessatyeco specify a unit for the 
scale value. There will be no loss in generality if the 
average of the natural logs of the scale values are set at 
Zero, OT 
n 
Pein Ol 


1 
n 


1 


mis Zives a simple algebraic expression for the least- 


Salares estimates of the scale values, namely, 


ZS 





In 3) =< J = eee ss TN, (9) 


Mmeacernatively by taking the antilogarithms, 


an ji/n . 
lies 


M 
it 
oy 
i 


j az ere Ti (E0)) 


The scale value of instance j, 7 (overall system effective- 
ness of weapon system j), as derived from the least squares 


A column of the 


method is simply the geometric mean of the 3° 
W matrix. 

The Constant Sum Scaling Method has now formally been 
established. Applied on the judged data it gave A and W 
Meerices for each group (Appendix B). 


The values for the judged overall system effectiveness, 


as shown in Table 2, were obtained from Equation (10). 


Table 2 


Overall System Effectiveness 


Weapon 7 
Group 1 Group 2 Group 5 Group 4 


A se Nelle a0 ee a0 eee OZ 
B Oa Oy One2 SS teri 
C eae o'S 1.442 1.490 Dcaeo 2 
D Oe ps, 0.887 0.977 Deed ol 
13 Deol Dio 0iZ OS Aas: Oeo 0 
FE L245 deo 5 ieee WZ bos 
G 10 2 ec leo ee 0 
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Table 3 gives a rank order of the judged overall system 


Eitectiveness within each group. 


Table 3 


Rank Order of Overall System Effectiveness 


Group l Group 2 Group 3 Group 4| 





All four groups of judges rank the different SAM weapon 
Systems overall system effectiveness in the same order, with 


Emeeption of $ andsS that changed places. The values 


G2 F2 


of 2g and S, do not however differ significantly for any of 


fe 
the groups (differences between 0.011 and 0.141), which 
Probably makes it difficult to conclude that System F is 
Substantially different from System G in overall effective- 


mess. 


Ce 





meesonould be noted that the top expert group (Group 3) 
gave the highest ranked system (System A) its lowest score 
among the groups and the lowest ranked system (System E) 
its highest score among the groups. In other words it seems 
like the most experienced judges were the ones to be most 
careful to draw distinctive conclusions. Figure 3 gives a 
graphical picture of the results summarized in Table 2. 

Having established judged overall system effectiveness 
fmeeose (JOSE), the next step is then to find a functional 
relationship between the JOSE and the system characteristics, 
a functional overall system effectiveness (FOSE). This will 


be the content of the next chapter. 
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Vee UNG DEONAL RELATIONSHIP 


In the previous chapters overall MOE's for the seven SAM 
systems were determined within each group of judges. In this 
Chapter a functional relationship between overall-, grouped 
system effectiveness and system characteristics, as seen in 
Table 4, will be sought using linear and non-linear multiple 
heegression. 

A. FUNCTIONAL RELATIONSHIP BETWEEN OVERALL SYSTEM 
meeeCcliVENESS AND SYSTEM CHARACTERISTICS 

An APL computer program named "'REGRESS" taken from 
OA3660 APL workspace, Public Library Number 2 at the Naval 
Postgraduate School [6: p. 103] will be used throughout 
the functional analysis. '"'REGRESS" does a multiple regres- 
sion analysis, relating the dependent variable S for over- 
all system effectiveness to the independent variables 
xX, to Xe for system characteristics. The outputs, as seen 
in Appendix C, give ANOVA tables, coefficients of deter- 
mination Ree Stand@agd Crrors ob, regression coefficients 
(the constant term a and coefficients by to be); t - sta- 
tistics for each coefficient, estimated values for the 
everadil system effectiveness oe and residuals. In addition 
plots of residuals versus estimated overall system effective- 


Mess are obtained to see if a particular pattern exists. 





T t T T 
bra LF ofa Ih, 


poaeds out, ATT TQeqold 
9DTIig os8e1OAV ° “xXPW UOTIDeOY Ity dnoiy ¢ dnoay z dnoazg [ dnoirg 
SITISTLIOIIEILY) SSOUDATIIOFJFJY WoIsdkS TTeL9AO 


a cee 





SOTASTLAOIDeEIeY) WaIsksS pue SSOUSATIIOFFYG waysdks podnoig - TTeIIAO 


b 9TdeL 





Tables 5 through 8 show summaries of the analysis for 
each group of judges. A part of the analysis was to see if 
the rank order of the SAM weapon systems obtained by the 
Constant Sum Scaling Method (Table 3), changed substantially 
under the functional analysis. Column eight in Tables 5 
through 8 summarizes this aspect. 

1. Reflections Behind the Choice of Candidate Models 

In the process of trying to obtain a transformation 
of the independent variables that will give a good estimate 
of a known value, trial and fail may be the most important 
part. By looking at the data some reflections can however 


be done, as: 


Should all the independent variables have the same 
impact? 
- do some have a positive influence, and others a 
negative one? 
- does any independent variable take a dominant role in 
form of being significantly more variable than others? 
- does any independent variable take a less important 
role because of little variability? 
Such reflections can make it easier to find the right 
transformation. For this study, the first seven transfor- 
mation are to be considered more or less as trial and fail 
(the best among many have been listed). More consideration 


1s however shown for the last six transformations. 
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((1)) The candidate model 


wsea linear combination of the characteristics. 


((2)) The candidate model 


WS 


SG a ll, 2s 


transforms X being the cost of a missile, by using the 


S? 
fifth root (which gave the best result of all applied trans- 
formations on Xo). 

Any transformation where a linear combination of 
the independent variables was raised to a power greater 
than 1.0 gave a bad data fit with unacceptably high stan- 
dard errors. 

Negative powers and logarithmic transformations 


however gave an overall more satisfying result as shown in 


Mables 5 through 8. 
((3)) The candidate model 


+ leas 


S,=atin ro b, Bs oe + be a Xig ]; i121,2,---,/7, 


is the natural log of the linear combination of the charac- 


Meristics. 


oy 








((4)) The candidate model 


4 ies 
Deere Gok + D. X Xe 
a J Lj SD 


Le Aces; | 
1 5 


S,=exp[atin[ 


J 


is the natural log of both the overall system effectiveness 
meemor the linear combination of the characteristics. 


((5)) The candidate model 


iS) ee 


bree Ae + De xX Xz ee eet eee 


epee | 1 J 1j 5 kS 


J 


lw = 


imemene reciprocal of the linear combination of the charac- 
Seceristics. 


((6)) The candidate model 


“ 
HT 
Co. 
© 
+ 
tm & 
&- 
“A 
Ss 
+ 
Ss 


is a linear combination of the characteristics and the 
reciprocal of the overall system effeciveness. 


((7)) The candidate model 


med linear combination of the characteristics and a recipro- 
cal transformation of the overall system effectiveness to the 


second power. 


38 





It should be noted that the seven first candidate 


models have only one residual 
transformations are therefore 
sensitive to small changes in 
Nonlinear combinations of the 
increase the residual degrees 
robust transformations. 


((8)) The candidate model 


Sa. = 
1 


. is 1fo 0 
3 oe Sa 
1S 


eo 1D 


degree of freedom. Obtained 
not very robust and highly 
the independent variables. 


independent variables will 


of freedom and thus give more 


4 
a+b, x (2x X,, x X,,) + b, x C17?) 
apZ 


is a transformation that combines the independent variables 


Xy and Xy in such a manner that the higher the product 


(X, od X4); the better the SAM system. 


The reciprocal of 


X, was used because it was considered that the overall 


system effectiveness would possess diminishing marginal 


memurns With respect to increasing reaction time, X 


2° The 


4 in the numerator was chosen to give approximately the same 


impact from this new second independent variable as for the 


first new one. 


independent variables. 


As seen in Table 9, X 


; ana X. are correlated 


59 





Correlation Between [Independent Variables 


. 00 
64 
Ai) 
54 
=) 


Table 9 


eB} 


eS 
1.00 
0 


04 
oS 
=o0 
.00 
24 





It was therefore concluded that these two variables should 


be combined. 


X 
2 
Px.” 


the other two new independent variables. 


eZ 


gives about the same impact as for 


With three inde- 


pendent variables the residual degrees of freedom increases 


to three which means a more robust transformation than the 


former ones. 


((9)) The candidate model 


> 
a 


shows the same nonlinear combination as ((8)) except that 


= atb,x(2 x Xs 


i=1,2,- 


1? 


St; 


the reciprocal of X 


marginal returns in overall system effectiveness with 


[mepect to increasing cost. 
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is used because of the diminishing 
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The last four candidate models use nonlinear com- 
binations such that only two new independent variables 
are applied for the regression analysis. This increases 
the robustness even further. It should be noted that 
reciprocals are used both for X, and for Xe, using the 
assumption of diminishing marginal returns with respect to 
increasing characteristic values for these two variables. 

((10)) The candidate model 


Z 2 


Xe 
a oa 
S 5 = atb,x((2 Ke X54) ne Xs 4) ) 


er jeere x (a) x 
pane? & 


is a nonlinear combination of the original independent 
variables that is constructed by applying obtained know- 
ledge from previous transformations. 


((11)) The candidate model 
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ee yx ted) 
at 2 ee 
i2 = 


S,=atb,x((2 is X54) 


modifies ((10)) with increased impact on the first new 


independent variable. 
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((12)) The candidate model 


1 1/4 1 eae 1/3 
S 5 = mega x) x (-- lilies (Bt ox (X; 


Ream yout 15 


uses the assumption that the higher average missile speed 
Xa> the longer the maximum effective range X25 and vice versa. 
((13)) The candidate model ((13)) is the same as ((12)), but 
with 3/2 as exponent of the first new independent variable 
instead of 2. 

Tables 5 through 8, containing all candidate models 
for each of the four groups of judges, are meant to be a 
guide for decision makers to select the best equation (trans- 
formation) among the presented thirteen. General rules can 
be applied to assist in the choice. 


iwewcoerficient of determination is 
Re . Regression sum of squares (11) 
Regression sum of squares + Residual sum of squares’ 


wiessmaller the residual sum of squares (RSS) the better is 
mieewcandidate model and thus the closer R- PS GOmune Wwaelue 
1.0000 (which is considered to be ideal) the better. 


The standard error, SE is defined as, 


2y1/2. 


n nw nw 
Pee> (2% (Si - Si) Si OSE gel = POSE. (ae) 


1=1 
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The smaller the standard error, the better the candidate 
model. In Appendix C, standard error can be read for each 
SAM weapon system, within each group, and for each of the 
thirteen candidate models. 


The F-ratio is defined as 


np = Regression mean squares 


Residual mean squares 2 LS?) 


and the lower the Residual mean square (RMS) the better is 
the equation. In other words, the higher the F-ratio the 
etter. 

The t-statistics are obtained for the constant a 


and for each of the regression coefficients by to be. Our 
e Me bs 
Meeeeacistic is acceptable if os SS ee 


ee 


1,2,---,6, where 


oO > 
Ul 


i estimated jth coefficient, 


bs = — coefficient given by the null-hypothesis, 

io es diagonal element of the variance - covariance matrix, 
t)_,(n - k) = value from t-table with significance level 

a and (n-k) degrees of freedom, where n = number of SAM 
weapon systems, and k = number of independent variables. 

Semeco = 0.05 and the worst case, k = 5, t,_,(m-k)=2.920. 

Lower values for t, can give unpredictable results even if 


the candidate model gives a very small SE and a R cio se- EO 


meU000. 





Figure 4 through 7 show plots of standard error SE 
versus R- for the thirteen selected candidate models, over 
each group of judges. If any decision should be made on 
the basis of SE and R- alone, candidate models ((4)), ((6)), 
and ((7)) seem to be the best. Common to these three how- 
ever, is that R- 1s based on a transformed dependent 
ammable (5S), and is thus not directly comparable to the 
rest of the candidate models. What can be seen for candi- 
date models with 3 residual degrees of freedom is that 
model ((9)) is better than ((8)) for every group, based on 
SE and R alone. Just as easy is it to establish the fact 
that for candidate models with 4 residuals degree of free- 


mom ({13)) is better than (({10)) and ((11)) for every group. 


eeoeLeECTION OF THE BEST EQUATION 

To select the best candidate model from Tables 5 through 
8, seems to be an easy task. The model within each group, 
that has the Ro Closest to 1.0000, the smallest SE, the 
highest F-ratio, the largest t-statistics, the highest 
number of residual degrees of freedom, and no substantial 
Change in rank order of the overall system effectiveness, 
Should be the obvious choice. Such a candidate model how- 
ever, did not appear in the set using the available data. 
The solution will therefore be to compromise such that a 
model that satisfies all basic requirements (high F-ratio, 


- 
Seeecvese to 1.0000, small SE, t-statistics greater than 


44 





R 

JIO0O F 
A 
models with Is o 
2 
S 
9600 lOy NT models with 1d. 
9400 models with 3d. f. 
8 

9200 

O 0.05 0.10 O.15 0.20 OFZ5 


Fig. 4: R* vs. SE for Group | Candidate Models. 


45 










| R 
| 
| 
1.0000 
| ¢ 
| 12 
models with.” 
mesoo- “7%! 13 | 
| models with | d. f. 
IO, g 
3.9600 
models with 3 d. f. 
1.9400 vA 





9200 yp SE 


O Q,05 0.10 Old 0.20 Of2S 


mg. 5 : Pe vs SE for Group 2 Candidate Models. 


46 





|,0000 


SOO 


2600 


3.9400 


fg 200 


46 
- 
9 
models with _~ 3 
Sd. f. 
13 8 models with | d. f. 
ie 2} 
12 models with 4 d. f. 
Pa 
1 
0.05 0.10 0.15 0.20 O25 


Eids 6.: Bo vs. SE for Group 3 Candidate Models. 


47 


SE 





ST z¥ 





i¢°za St60°O €926°0 x x 
ou 005) 
, i bL°b6T Levo°o 8 £€66°0 es x ETy) x fq ¢ a x (aa xy x» x'q 48 = ‘5 ((c)) 
€/T w/e T 
St ZY 
€T°2b CSTT°O 8 8=—. 4 BSG O Xx Xx 
ou 005 
/ : Bb STZ 6090°0 6066°0 antes «EF hq + oa x FE x Ty xp x bq 4 @& 's ((Z1)) 
. . : zt 
pood - so'dt O8TIT°O TL6 0 st. ¢ 2/1 Xx z PT tt 1 1 
ST € e1qeydaccy §=90°61Z T7t0°O SS66°0 2/1 et x q+ 5 )*¥ aq + x x, ( xX xz7)x¥ q+ @= S ((6)) 
2sdno1b ayy x 
yo Aue uyyyys nop "uyu 
A[queoyzyubys -aa1z3 Jo oyjwerI-qy ‘UJW AS “UTW OW 
abueyo tap1i0 saarIbep “Kew "xeW AS "Kew ou TIGOW NOISSINDTY 


yYUeIT BYQ PIG TeNpyS29y SOyFISYRVEIS-] OFReI-4 


sospne Jo sdnoayg AnoJy [ty 104 
SjusuUdItTNbay o9tseg [Ty AFstqyes wey] STapow a yeptpuey 
Oe Test 


49 





+ 2.920) within all four groups, can be chosen as the best. 
Memetcate models ((9)), ((12)), and ((13)) all qualify 
accordingly - as seen in Table 10. Among the three models, 
number ((13)) seems to have the in general (over all four 
groups) R eroscest £O 1.0000, smallest SE, and highest 
Peratio. Number ((13)) has also the highest t-statistics 
of the three, and one more residual degree of freedom more 
than number ((9)). 

Coefficients for the best candidate model, ((13)), are 
as follows: 

Table 11 


Coefficients of the Best Candidate Model 


Poerticient Group l Group Zz Group 3 Group 4 
a Soe Oa alee roel -1.7100 ioe oo 
by 20 OS CU 0S Ze). 500 Cooke 
b 0.4622 0.5029 0.4811 0.4818 


Under the criteria discussed above, the best estimated value 
for the overall system effectiveness will therefore be 
obtained by the following functional relationship (using 


Group 4 as an example): 
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Overall system effectiveness = -.18366+2.3512 x 


lex (kill probability) x (reaction time) 1/4 x 
“1/3, 3/2 


range) x (average missile speed) ] 


(missile price) + 0.4818 x [(max effective 


ie 


How well the best equztion (model) fits the judged overall 
effectiveness for each group can be seen from Table 12. With 
exception of 14.2% deviation for SAM System B by Group 2, 
all deviations between judged - and functional overall sys- 
tem effectiveness are below 9.0% with a grand average devia- 
tion of 3.6%. This suggests that the best equation in 
Seneral gives a good fit, close to the answers obtained by 
the Constant Sum Scaling Method. 

To improve the result other transformations could be 
tried. First one might however try to evaluate why the 
best candidate model did not give an even better prediction 
than the one achieved. One approach is to check the assump- 
tion behind the REGRESS - function. ''REGRESS" uses ordinary 
least squares (OLS) procedure, where S=at+Xxb ac is the 
general model, assuming that the residuals (e) are normally 
distributed with mean O, (E Ce.) = T0tedp= 1.2...) and 
With variance coe (Var Ce.) = o*. ian Nie ko test 
this assumption "All Possible Subsets Regression" procedure 
using BMDP9R [7] was applied to model number ((13)). The 
results are plotted in Appendix D and show that assumptions 


about normality are not meet entirely for any of the four 


oo 
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meomps. this fact does not degrade the accuracy of the 
estimation obtained by the best equation, neither does it 
mean that future forecasting will be less accurate. Fisher- 
Statistics can however no longer be used to develop pro- 
bability results, and F-ratio, confidence intervals, and 
Saeniticance levels cannot be used with the same exactness 
as if normality was in order. 

"All Possible Subsets Regression" also gave an answer 
to the question: which variables gave most weight to the 
regression analysis? This aspect is covered in detail in 
Appendix D. 

A functional relationship has now been developed 
between the overall system effectiveness and the weapon 
characteristics. The best estimating equation was found 


Peeesing Candidate model number ((13)): 


a 1 1 Syed 
Sa = a + by Pe x X.4x (177? Xx (173)! 
eM dZ io 


125 
“ b, x (X. 3 x X. 4) : 


In future work with SAM weapon systems (that have the same 
mission as stated for those used in this paper), this result 
could assist military decision makers in at least four ways: 
- in assessing the impact on overall system effective- 
ness of modification of one or more weapon character- 
rst. cs, 


- in evaluating the overall system effectiveness of 


au 
A 





several systems in a procurement phase, 
SeEcOmputing Overall system effectiveness for existing 
SAM systems, and 
- in evaluating operational criteria for new (unbuilt) 
systems compared to already existing systems. 
In the next and final chapter, the most important results 
will be summarized, and some recommendations for further 


studies will be made. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


The final chapter is meant to be a summary of the 
"highlights" obtained in the previous chapters, and addi- 


tionally to give some recommendations for future research. 


A. CONCLUSIONS 

Finding overall system effectiveness from a multi- 
criterion environment using seven fictitious SAM weapon 
systems as an example, was the main purpose of this paper. 
The Constant Sum Scaling Method was applied to judgment 
data collected by questionnaires from four groups of 
judges. Results shows no significant differences in overall 
System effectiveness ratings from one group to another. 

The next step was to build a model which, given the 
same information the judges had, would accurately repro- 
duce the judged overall system effectiveness. By applying 
multiple linear and nonlinear regression, thirteen candi- 
date models were examined. These were all evaluated, and 


a best equation was obtained as follows: 


Ss =at b,x[4 Wachl bepEobabality) x “(reaction time) 1/2 
x (missile Coe: Ae . b. x [(max effective range) 
x (average missile eed where 


S5 = overall system effectiveness for weapon system 1; 


1 = A, B, ---, G, and where a, b and db. are listed in 


ie 
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Table 11 for the four groups. This result of the statis- 
tical analysis has a large degree of robustness in it, 
having four residual degrees of freedom, which makes it 
less sensitive to changes in weapon characteristics. The 
grand average percent deviation between judged- and repro- 
duced (functional) overall system effectiveness is 3.6%, 
which is considered quite acceptable even if the percent 
deviation in one case is as high as 14.2%. 

The main limitation of the obtained results is that 
only operational weapon characteristics and missile price 
were selected as independent variables. Other non-operational 
elements of combat that might be of equal or greater impor- 
tance are therefore not reflected in the resulting best 


equation, or in the judged overall system effectiveness. 


B. SUGGESTIONS FOR FURTHER WORK 

Judgment modeling (Policy Capturing) requires a set of 
judged overall system effectiveness values associated with 
a set of independent variables (characteristics) to obtain 
the implicit weights (functional overall system effective- 
ness). The applied methodology however, could be taken 
even further to determine the weights without obtained 
judgments, called Policy Specifying [2]. This could be 
done by stating desired properties of the relations among 
the independent variables in sufficient detail that the 


numerical weights become known. 
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If appropriate sensitivity analysis were applied for 
each of the independent variables the obtained methodology 
could be used to make decision models for wargaming situa- 
EIONS . 

An interesting question that has not been answered in 
this study, 1s: how would the overall system effectiveness 
change if one or more of the characteristics were omitted or 
changed by other characteristics? Another question of 
interest is: how would existing SAM weapon systems rate 
compared to the seven fictitious ones used in this study? 

Judgment modeling seems to be a procedure that can be 
efficiently applied to provide additional information for 
military decision makers. This study has hopefully given a 
certain feeling for the methodology, and for which appli- 


Cations judgment modeling are useful. 
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APPENDIX A 
QUESTIONNAIRE 


(distributed outside the Naval Postgraduate School) 

Peescudy is being made of various characteristics of SAM 
weapon systems, and how they relate to overall operational 
effectiveness and cost. The objective of the research is 
to develope a procedure to help military planners: 

- evaluate effectiveness of new SAM weapon systems, 

- assess the impact of effectiveness by modifying weapon 

eidracteristics or changing cost. 

The primary operational use of the SAM systems chosen is 
point to point defense with area defense as a secondary 
mission. 

Essential to the research is information from people with 
a good theoretical and practical background on SAM weapon 
Systems. In particular, we are interested in subjective 
rating of overall SAM system effectiveness; these are sought 
through this questionnaire. The format has been kept short 
Seal lLow completion in avery short time (five to ten minutes). 

If you would like to receive a summary of the results, 


Meease fill in the following form. 


Name 

Address: 

Researcher: kK. 0. Flaathen, LCDR, Royal Norwegian Navy 
Advisor: Erb, Lindsay, Assoc. Prof. of Operations 


Research, Naval Postgraduate School 
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QUESTIONNAIRE 
(distributed at the Naval Postgraduate School) 

A study is being made of various characteristics of 
Surface to Air Missile weapon systems, and how they relate to 
Overall operational effectiveness and cost. The objective of 
miemresearch 1S to develope a procedure to help military 
planners: 

- develop improved methods by which the overall effec- 

tiveness of a new weapon system can be assessed, 

- assess the impact of effectiveness by modifying weapon 

@maracteristics or by changing cost. 

The primary operational use of the SAM systems chosen is 
point to point defense with area defense as secondary mission. 

Your participation in this study via completion and return 
of the enclosed questionnaire before the end of this quarter, 
Will enhance the opportunity for success in my work. Being 
fully aware of your busy schedule I still hope you will find 
memento felp me. Please return the LGnoieeed questionnaire 
to SMC 1403. 

If you would like to receive a summary of the results, 
please fill in the following form. 


Name 
Address: 


Thank you in advance for sharing this portion of your 


expertise with me. 
Knut O. Flaathen 
Lieutenant Commander 
Royal Norwegian Navy 


29 





Kill probability 


OVERALL SYSTEM EFFECTIVENESS OF SAM WEAPONS 


mere are many characteristics (factors) of SAM weapons 
which serve as measures of effectiveness for such systems. 
Five important ones are listed in the table below. We have 


also shown characteristic values for seven fictitious SAM 


weapons, A - G. 













SYSTEM 


of single shot 


Reaction time 

(seconds from 

detection to 

missile launch) 

Max Effective 3 12 15 8 22 18 26 


Range (in km) 


Average missile 
speed (in Mach) 


Massile-price 
(in 10,000 of $) 


We wish your assessment of the overall system effective- 


ness of these weapons. 

Pairs of the fictitious SAM weapons are listed on the 
next page. Within each pair, please split 100 points in 
terms of the relative overall system effectiveness of the 


two SAM weapon systems. 
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Ser example. A 80 B 20 
meeyou teel that system A has four times the overall system 
effectiveness as system B, or A 0) B 510 if you 


feel systems A and B have equally overall effectiveness. 
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tT. A & B 
BE. A c 
Se. A D 
CUA cE 
as. A fr 
Bp. A G 
i &B c 
bp. B D 
pe. 2B E 
mm. 8 B 
ml. €62B G 
mm. C D 
im. C E 
me. 2OC le 
im. C G 
mo. OD E 
m. OD ts 
BS. OD G 
im. €E FB 
e0. &E G 
m. F G 


Thank you for your cooperation and prompt return of the 


Gompleted questionnaire. 
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APPENDIX B 


A AND W MATRICES 


Table 13: Matrix A with elements a.., denoting the average 
number of points assigned to weapon system j when compared 
to weapon system i and judged by Group k. 


ms sudged by Group 1: 


A B C D IB F G 
A Meee 19.75 44.69 31.33 23.71 40.14 36.65 
B fee oe. 00 70.06 62.50 47.31 68.37 65.71 
L eee 29.94 $0.00 38.22 28.00 45.59 42.78 
D femme 57.50 61.78 50.00 34.63 55.90 52.04 
E eee o2.09 %(72.00 65.37 50.00 71.22 72.43 
F 59.86 31.63 54.41 44.10 28.78 50.00 45.45 
G emo 4.29 = 657.22 47.96 27.57 54.55 50.00 
feeoudeed by Group 2: 

A B C D Ee F G 
A memeemeec).04 $40.65 28.20 21.77 37.22 37.73 
B meee 50.00 67.46 58.60 47.46 62.31 65.22 
C memes 52.54 50.00 37.75 25.27 43.83 40.69 
D Meow t+). 40 «662.25 50.00 36.52 54.15 953.48 
E Memes o2.54 74.73 635.48 $0.00 70.48 71.75 
F mmo 57.09 56.17 45.85 29.52 50.00 50.22 
G meee 4.78 659.51 46.52 28.25 49.78 50.00 
5. Judged by Group 3: 

A B c D iB F G 
A mole 22.09 46.24 35.46 25.53 40.77 42.67 
B feet 50.00 72.44 64.81 47,89 68.04 65.18 
cc mmo 27.00 50.00 41.05 26.69 42.86 42.10 
D mesos. 19 «668.95 $0.00 35.74 54.54 55.45 
E Seewemeoes tl 75.31 64.26 50.00 72.54 68.32 
F meee 51.96 -57.14 45.46 27.46 50.00 47.49 
G eo t o 257.90 2 44.55 31.68 $2.51 50.00 
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4. Judged by Group 4: 








A B c D E F G 

A moreeee 21.02 43.70 31.38 22.98 39.29 38.69 
B memo o0.00 69.81 61.77 47.52 66.16 65.39 
a moo 50.19 50.00 38.84 26.68 44.22 41.86 
D memo os. 25 61.16 50.00 35.60 54.91 53.49 
E femme 2. 48 (735.52 64.40 50.00 71.335 71.05 
F Pere 55.84 55.78 45.09 28.67 50.00 47.69 
G meee o4. O01 58.14 46.51 28.95 52.31 50.00 
Table 14: 


Matrix W with elements Wijk denoting an estimate 


of the ratio between scale values e and S; when judged by 


Group k. 


meeoudeed by Group IL: 





A B C D E F G 
A 1.000 0.246 0.808 0.456 0.511 02671 Oran 2 
B 063 0 2.340 iow 0.898 Cameow J) 986 
C i258 0.427 12000 0.619 0.389 0.838 0.748 
D eel 9 2 0.600 eo 1.000 F550 eae iOS 
E e218 esl. 4 Ja) ill 1.888 1.000 tea Zr) 
F 1.491 0.463 TiS S 0.789 0.404 Peo e 0.833 
G e729 0522 isis 0.922 Oe sal 12200 1.000 
maj 1.467 OA ze al 259 0.646 0.009 4.578 1.970 
251 1.906 Doo 7 1.435 0.939 0.510 1.243 eZ 
mee Judged by Group 2: 
A B G D E F G 

A 100 OZ 616 Oe teens 0.395 02275 Oi 59'5 0.606 
B Br 535 1.000 Z 075 1.415 0.903 io eo 5 
€ 1.460 0.482 000 0.606 2556 0.780 0.686 
D 2.546 0.706 1.649 1.000 Oyo 75 ieelesall i. 50 
E 52095 ee Do 57 7 38 1.000 Sats 2.540 
. eos / 0.605 Wied 0.847: #4x,0.419 1.000 Peo 
G 65 0 Ohe555 1.458 0.870 0.394 0.991 1.000 
Wi 52 B95 723 Dees, 2-942 ee 0.008 Zea)? Lao] 
Bs ee 5 W201 2 1.442 OFS e87 Oso UZ oS eleZ 








meegudaeed by Group 3: 





7 


A B C D fs Ip G 
A ie 0.00 O29 3 0.860 Oo Ooo 0 0.688 0.744 
B 3.407 OOO 2H 1.842 Ue Se) Die tne, 9 18/2 
ic i 16 5 OnS6 L O10 0.696 0.364 Ozer) Oe 27 
D i520 0.543 1.436 1.000 0550 i, 20.0 1.245 
iE ero 5 1.088 2.747 le 6 1.000 2.642 Zaseleon 
F e453 0.470 IF 335 0.834 0.379 1.000 0.904 
G 1.344 0.534 Lea 0.803 0.464 eS 1.000 
SRE 42.178 OmO1e M6 a5 A 0.848 OCA OHb 2 Z2to8 
553 m7 07 reo 3 J 1.490 Oey: Oo 2S Deak Z eee? 


ee Judged by Group 4: 


i 


A B C D E IF G 
A 1.000 Oe Aloe O1g/20 0.457 V2295 0.647 OF Oou 
B e757 1.000 Zeol2 HO OI) eo oS roto 
C i 288 0.432 1.000 Os 0.364 0.792 02 20 
D Bee G / Geos 179 1.000 02555 Pa c.56 io 
ie Bo 2 1.104 2.748 ewe 1.000 2.488 2.454 
F 1.545 0) eal 1eZOL De 82 1 0.402 e000 0.2942 
G i555 OE 69 0.870 0.407 PO 1.000 
Thi 54 86.870 OFA 13 760 1 0.606 0.009 Deo Ze 
S34 eo 2 Wo 17 1.452 0. Sie oi) ks 6 i 20 
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een Lx C 
Me PPE SREGRESSTON DATA OUTPUTS 


meeendix C contains "REGRESSHOW", "REGRESS", "SCAT", 
mem’) "STATISTICS", and computer output for each candidate 
model from all four groups of judges. ''REGRESSHOW" is an 


men-function that explains the use of the "REGRESS" - 


mametion. ‘'SCAT'' and "FMT" are other APL- functions 
mecessSary as sub-programs for "REGRESS". "STATISTICS, Sa 5 
i=41,2,---,4, give detailed summary statistics for the 


judged overall systems effectiveness for all four groups. 
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REGRESSHOW 
SYNTAX: ZY REGRESS X 
PARAMETER t 
AINTERCEPTa DETERMINES WHETHER OR NOT AN INTERCEPT TER? 
IS TO BE INCLUDED. QINTERCEPT=z1 GIVES AN INTERCEPT 
ond AND AINTERCEPT=0 GIVES NO INTERCEPT. (DEFAULT IE 
ds 
GROUP: RELATIONS 
SUBPROGRAMS: FMT AND SCAT 
DEECRIPTION: REGRESS DOES A MULTIPLE REGRESSICN AWALYSIS 
RELATING THE DEPENDENT VARIABLE Y TCO A SET OF CARRIERS XX. THE 
LEFT ARGUMENT Y IS A VECTOR OF SIZE N. THE RIGHT ARGUMENT XxX IES 
AN N BY K MATKIX CONSISTING OF WN OBSERVATIONS ON EACH CF K 
VARIABLES OR A VECTOR OF SIZE N IF K2i, OUTPUT CONSISTS CF Aw 
ANOVA TABLE, RaSQUARE, STD. ERROR, REGRESSION COEFFICIENTS (THE 
FIRST COEFFICIENT IS THE CONSTANT TERH IF AINTERCEPT=1.), 
Mee All STICS, VARIANCE aCOVARIANCE MATRIX, DURBINeWATECN 
MrAatSc iC, AND A VECTOR OF PREDICTED Y VALUES AND RESZOUVALS. 
THERE IS AN OPTION THAT ALLOWS THE USER TC INPUT A VECTOR CE x 
VALUES AND USE THE REGRESSICN EQUATION TO FORECAST Y VALUFRFS. THE 
SER CAN ALSO OBTAIN A SCATTER PLOT OF THE RESIDUALS. WHE 
EXECUTICN TERMINATES, THE PREDICTED Y VALUFS AWD THE KESIVUALS 
Mee iDeE IN THE N BY 2 MATRIX Z. 


7 








|! 
1¢23] 
1( 24] 
1 (25) 
| (26] 
a2? | 
[28] 
, 29 J 
) eee | 
| ead J 
ie 2 } 
2 } 
C34) 
m5) 
C36] 


Al: ( ot'DURBIN-WATSON: 


meer DO YOU 


meee DO YOU WANT TO SCAT 


VREGRESS(119 

VY Z2+Y REGRESS X3N3sK3C3XPXINV:XPY:BFTA;RSS3TSS3S2:ESS3;WID;DEP 
X+(24+(9X),1)0X 

¥~(0,1-AINTERCEPT)+1,X 

XPXINV+4(QX )+.*X 

BETA*XPXINV+ .x*XPY+(QX)+.%*Y 
RSS+((QBETA )t .xXPY)-CH(Ct4s7)*2) tNen ,Y 

ESS+( TSS*+((QY)+.*¥Y)-C)-RSS 
S2+,ESS!(N-1)-X+(0,58ETA)-AINTERCEPT 

CR 

' ANOVA! 

CH+'SOURCE ,DF,SUM SQUARES ,MEAN SQUARE,F-RATIO' 

t t 

'YREGRESSIONY ,I4,BE16.4' 
CH+'' 

') RESIDUAL) ,I4,BE16.4' 
ETOTAL Reb  Prie.u' 
t ? 

(oR SQUARF: ea RSStTSS 

(a'STD ERROR: '),9,52%0.5 

Mee CORFFICIENTS ,T STATISTICS' 

eee” FMT 2,0,RETA)0( ,BETA),(,BETA)#(1 1 QVH#S2*xX4PXINV )*0.5 
'DO YOU WANT A PRINTOUT OF THE VARTANCE-COVARIANCE MATRIX?! 
mex y' Y'si ts] 
'VARITANCE-COVARIANCE MATRIX: 
Bey?.u&' FMT V 


Meo) Comme Oo th) (4 hoe 4h) so 2 


Pe CMM) ayo jo 2,0 
EVN (eo Bae Org 0 


' CHe'! 


t) of +/((14,C)-€ 14,C)) 22) 84+/(,CHY-X+.xBETA): 
Z7+4(2,V)p( ,X+.*xBFTA),,C 

WANT TO FORECAST A VALUR FOR Y?' 

mex i1'yY's+i1t} 

fee ENTER X VECTOR ('),( «K), = 


MmayNPORECAST OF Y VALUE: '), om C<(1-AINTERCEPT)+1,]} 
Merv ANDTANCE OF FORECAST ERROR: '),M2xitC+.*XPXINV+. 


+B1 


VALUES). 

oe a 
KOC 
RESPDUALS VS_ CiLOorelTED y?* 
moxi'y' 1+) 

DEP<“0.5xWID+L/70,(7/(€0.75*N),30)) 

BCAL 2 

V 
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+B+xoS+'FIELD WIDTH' 

*O4+1+1( (Jf 2)J<Lv.< 0)+0+¢1+10f .s | £<(B/ ,2)+7+10 =| P)>W-D+0+3 

To~ J+PPT/i1itsi+LeploX+'E','+0 '[92-x5],4£1+8(0010) IL) 


eter V220x~'7T' K)/T,N<oX+A(11,1+9(D010) TNx1{!/P),X 


De C-NV)4C DF .x OX 324+0)] 4144) °.< Dei D-1 
X+NoX XOCD/10X%+,XJ+' |! 


T3:>( J<Jv0 +/0+0fL-0)/T+0D+pP+G,AC1+&( 5910) WIP) 


PeDol ,0+GOO)\( ,0+00.< (-G)O1.L+G+4140G)/,P 
sHD-1IVLe~'t i KL, PLT/10<1 +X+0 PHP, X; Jet! 
P+Xo( ,00)\(,O0-~X*~0)/,P 
+(~H)/F-N+1,D<00P+R\(D,X+Wx1-2xL)+P 


HD: CH+(p K+( 14+0+0,(4[L2]L0D0)0D<(',' CH) /19pCH)pCH)OCH 


D+ ,(4C2],X)+ 0 “1 4°10 2],3)0(, D0. 21B+f /D+#14+D- 16D)\K 
+(L0-VaxQ) ,pOL+OL,((1 A444) 4Mx1,W)0D,,P 

OR F PHRASE? 

(ot FMT PROBLEM ere a es Neo 
V 
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BeaArIoTICcS ,51 
fers 1.099142857 
Mer ANNCE: O0.2415018095 


mee DEV.: 0.4914283361 
SOBFF. OF VARIATION: 0.4471014235 
LOWER QUARTILE: 0.559 

WPPER QUARTILE: 1.435 

YEDIAN: 1.102 

TRIMBAN: 1.04895 

4IDMEAN: 1.0556 

RANGE: 1.396 

MIDRANGE: 1.208 

YEBAN ABSOLUTE DEVIATION: 0.368 
INTERQUARTILE RANGE: 0.876 

COEFF. OF SKEWNESS: 0.2808085241 
COEFF. OF KURTOSIS: ~1.161888565 


Meet oTics ,52 


MEAN: 1.101285714 

VARIANCE: 0.26930992381 

STD. DEV.: 0.5187477596 

@eprF. OF VARIATION: 0.4710383081 
LOWER QUARTILE: 0.612 

UPPFR QUARTILE: 1.442 

MEDIAN: 1.115 

TRIMFAN: 1.071 

MIDMFAN: 1.0364 

RANGE: 1.523 

MIDRANGE: 1.2635 

MEAN ABSOLUTE DEVIATION: 0.3702857143 
INTERQUARTILE RANGE: 0.83 

CORBFF. OF SKEWNESS: 0.5796820095 
COBFF. OF KURTOSIS:  0.8537402161 


PEATISTICS ,S3 

MBEAN: 1.086714286 

VARIANCE: 0.193952763048 

mrp. DEV.: 9.441901465 

COEFF. OF VARIATION: 0.4066399704 
LOWER QUARTILE: 0.559 

UPPER QUARTILE: 1.49 

MEDTAN: 1.137 

TRIMFAN: 1.08075 

MIDMEAN: 1.075 

MeeGh: 1.182 

MIDRANGE: 1.116 

Mey ARSOLUTE NFEVIATIO®N: 90.3354285714 
BEIERQUARTILE RANGE: 0.231 

BOPFP., OF SKFYNFSS: ~0.903792890775 
MOPPF, OF VUP™ISTS: ~1, 461561424 


ia 





PeeerisTics ,S4u 
MFAN: 1.095714286 
VARIANCE: 0.2348955714 
STD. DEV.: 0.4846602639 
Geeerr. OF VARIATION: 0.4423235786 
LOWER QUARTILE: 0.577 
UPPER QUARTILE: 1.452 
MEDIAN: 1.12 
TRIMEAN: 1.06725 
MIDMEAN: 1.90536 
fGE: 1.382 
MIDRANGE: 1.201 
IMEAN ABSOLUTE DEVIATION: 0.3591428571 
INTERQUARTILE RANGE: 0.875 
Mere. OF SKEWNESS: 0.3015169357 
COFFF. OF KURTOSIS: ( 1.160262769 


ez 





| ATO VA 
BOURCE ODF GU GQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.3632F00 PST Onur. | 3.1763£200 
RESIDUAL 1 8,5833£F 2 8.5833E 2 
TOTAL 6 1.4u90E0 


/ 

Mee UARE: 0.9407642333 

STD Meron: 0.2929731542 
BemerricriéENTs im STALE SETS 


oe ou 4 “0n2799 

3.2755 1.2603 

| on 0232 ~1,2953 
| ~0.0253 Ger shataa 
mo.1752 [oe oc9 

0.9087 Orr 89 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVAPIANCE MATRIX? 
nN 

DURRIN-WATSON: 2,238803758 

DO YOU WANT TO FORFCAST A VALUF FO? Y¥? 

nN 

MeeyOU WANT TO SCAT PFSIDUALS VS. PRFDIC™EN ¥? 


WmiG® OF X: 0 2 
MGr OF Y: 0.15 0.2 
| 


| 
| 
| 
| 
| 
| 
| 
l|---------------- Se ae a Se 


a, Z 
1.906 fe SO ahs 87 Ge oo 1 3a 
0.559 0.6863742831 SOral oe a 
1.435 1.454A73938 “iD nOtoG 7319-81 
0.3939 Toots 73 TH OSG soot 25 7 
Oo. 51 Oe eo ease 1? Neer ay 
243 1.247556831 Pe oOMs sent 51 
102 eee aed 3 a7 9.10721 73369 


BS 





( 


Oeo2 REGRESS 


SOURCE ODF 
REGRESSION 5 

RESIDUAL 1 
TOTAL 6 


ANOVA 


SUM SQUARES 
1.5062£F00 
foe o7 ed 

1.6146£E0 


R SQUARE: 0.9328822788 
Seen RROl: 0.3291929007 


CORPFFICIENTS 
m7.0915 
e189 

~ 0.0206 

mo 0723 
"0.2851 

m. 0252 


DO YOU WANT A PRINTOUT OF 


Men is ECS 
0.2889 
092 
0225 
2951 
.1435 
.3061 


o.oo = 


N 
DURBIN-WATSON: 2.238803758 


DO YOU WANT TO FORECAST A VALUE 


N 


DO YOU WANT TO SCAT RESIDUALS VS. 


i 
RANGE er x: 0 2 


| 
| 
| 
| 
| 
| 
| 
a 
| 
| 
| 
| 
| 
| 


2, 73 
e025 
m1 2 
~4¥U? 
mo 8 7 
mo) 2 
m15 
126 


mre OOF Oo N 


RPerPOoOOrF OF 


Mace OF Y: 0.15 0.2 
| = 


Peel ea) 2 
Meso) 223.07 6 
San 4106192 
es a4 40 15 
O22 o 125186 
piZ2OPr201 84 
mer? 2 Oe 3b 4 


(4 bots 
Ooo Ore Oe] 
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MEAN SQUARE F-RATIO 
SPO oe: 4 2.7798E00 
170807 1 


ee VARTANGCE-=COVAPTANCE MATALX? 


PO me! 4 


Bae ee ED ey 7 


woo 7 hae? 
oot 213 
2022 1016 1 ies a 
2 Oo NS ok ore 
oi ee ee ie 
SOS 20 eu Te 
el 2258 oa 





feos TEGRESS X 







ANOVA 
SOURCE ODF SUM SQUAPRTS MEAN SQUARE F-PATIN 
EGRESSION 5 1.1402Z00 2. 2e0ar 4 72 AO O 
RESIDUAL 1 Siu dt Geshe eee a2 
OTAL 6 1 tO 


SQUARE: 0.9731251315 
TD ERROR: 0.1774492794 
BOBFFICIENTS TT STATISTICS 


~ 1.6304 “0.8005 
3.0525 1.9391 
mo. 0229 ADO 
0.0596 0.4515 
0.5098 0.4759 
mo, 0178 "0.4024 


eeOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
/ 
WieIN-WATSON: 2.238803758 

WeOU WANT TO FORECAST A VALUE FOR Y? 
We OU WANT TO SCAT RESTDUALS VS. PPFDICTED Y? 


’ 
famorh OF X: 0.4 1.8 
famee OF Y: 0.1 0.15 


63,2 

707 io 803753 O07 O08 Foleo rte 
0.559 0.6361486207 POL O77 tae 527 
1.49 1.501916198 O.011916196809 
977 1.016647644 TOM Os IG 7 ott 37 
0.525 0.4173599313 0.1076400F87 
mm 212 AHL 76 010.0 2 ~Q,0027609017A4 
mm 1i37 1.202363851 £0. 06536035 127 


aS 





Meoe REGRESS X 


ANOVA 
BOURC® .DF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.3349F00 2 BOOT bok 3.5826E00 
RESIDUAL 1 7. WSAoe 2 Pou 5 158 2 
TOTAL 6 1.,.4094EF0 


feUARE: = 0.947126355 
SeeeernOR: 0.2729811537 
MeerPIiCIeENTs eon oT LCS 


me 1827 Ono 5 

2.178 i123 
mo, 0223 4381 8 
“0.0186 mamocrey 
“0.0246 “0.015 

a. 0072 Gro 1 


Deer OU WANT A PRINTOUT OF THE VARIANCE -COVARIANCE MATRIX? 


i 
Meee -WATSON: 2.238803758 


Weer OU WANT TO FORECAST A VALUE FOR Y? 


N 


Meer OU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


Y 
RANGE OF X: 0 2 
Meece OF Y: 0.15 0.2 


a4 ,2 

892 Pago u 7s 390 0 
7,577 9,4895682474 =0 
wee 452 det O Jigar 21 9 
me .931 Sao 7 99742 8 non 
‘wee .51 0.344%4106539 9 
1.188 feo 24588 1 “A 

fee oo 0S5 9237 ~ O 


76 


pipe 2a) POs 
psa a2 7 
pO eer omee lee tol 


OFO9UI20128 


Vee oo I oot Lt 
meow eee Oe] T 
MOO S32 87 5 





Mot REGRESS X1,X2,X%3,X4,XS":5 





ANOVA 

SOURCE ODF Ut eo ARES MEAN SQUARF F-RATIO 
IEGRESSION 5 1.4261F00 Zoe ie Gu) 
RESIDUAL 1 De Oa nD DeDaG Go DO 
: 6 1.4490EF0 


ta 


) SQUARE: 0.9842121155 
370 ERROR: 0.151250838 
COEFFICIENTS STATISTICS 


! B2).1228 "1.774 
| Bo. 6279 "0.2353 
| mou 7 1 eT G6 
: ~0.2588 ~ 1.6669 
mie 713 Bese 
me 7342 1.6748 


20 mOUPWANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


y 
QURBIN-WATSON: 2.555437999 

0 YOU WANT TO FORECAST A VALUF FOR ¥? 
" 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED ¥? 


RANGE OF X: 0 2 
RAWGE OF Y: 0.1 9.1 
| 


| 
| 
| 
| 
| 
ee = 


| ° 


m1.,4 

1.906 jogs 7268 1 ~0.002572681461 
0.559 feetoo 11676 9 ~9.05121167687 
m.u35 (pecs? 02512 0.0897974882 

0.939 Peo 7 dey 1G 710 “OO tNera tT 7 
2.51 Greig 28461382 9.06671639184 
243 ico 2 teu 3 9.01057865662 
m 102 1.183165497 70.981145%967 
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Meme ee GHESS X1,K2,X3,K4,X5*%45 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUARE Beano 
9EGRESSION §=6§ LES SE)e wile See CeO tA 
RESIDUAL 1 1.46728 2 A rtatGel 2 a2 
6 1.614650 


TOTAL 


2 SQUARE: 0.9909129315 
STD ERROR: 0.1211277809 
COEFFICIENTS TT STATISTICS 


~ 28.5988 ~2,89636 
“4.4806 “0.6927 
"0.0496 ~ 3.6376 
ma.3276 1 2epo uu 
me 9223 239 
7 4721 2.6605 


Mero WANT A PRINTOUT OF THE VARIANCE-COVAPTANCE MATRIX? 
N 

DURBIN-WATSON: 2.555437999 

faeyOU WANT TO FORECAST A VALUE FOR Y? 

Nv 

MeeyOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
y 

RANGE OF X: 0 2.5 

RANGE OF Y: ~0.08 0.08 

| 3 

| ° 

| 

| 


ee. ----- ee ee 5, 

° 

| ° 

| 5 

| 

2,2 _ 

2.025 2.927060307 0. 002 0h O02 a7 244 
m.612 0.6530123796 ~0.04101237963 
i. 42 1.37008654" Od AO. a 56 Og 
0.887 Oma oe gid 15 "He 0259 315004 
9.502 0.4485708243 G205002907 3163 
m 115 1.1065281284 9,008471815585 
m 126 1191009699 ~“O,9FSONOROBFS 
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BOURCE OD 


RESIDUAL 


'OTAL 


WOU ARE : 
'TD ERROR: 
COEFFICIENTS 


eeu WANT A PRINTOUT O 


/ 


ir 
‘GRESSION 5 
iL 
6 


~8.896 
me. 114 
mo, 0341 
m.0925 
~0.5579 
5.2572 


T 


ANOVA 


SUM SQUARES 
1.14u5£F00 
2271858 (2 

eee £0 


Oreo 7975572 
688799783 


SrArISTICS 
~0.6544 
0.3829 
1.8366 
0.5462 
Geet 
@ 
F 


oo 1 


SURBIN-WATSON: 2.555437999 


] 


Mes FEGRESS X%1,X2,X3,X4,XS«:5 


MEAN SQUARE F-RATIO 
PAIS O0 1 8.4198Z00 
2.7185E 2 


THE VARIANCE -COVAPTANCE MATRIX? 


10 YOU WANT TO FORECAST A VALUF FO? Y? 


Meru WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


4 

WGE OF X: 0.4 1.8 

mee OF Y: 0.1 0.1 

| = 

| 

| ° 

| 

| 

| 

Mu ~~ ---------- Das 

| 

| 0 

| 2 

| 

Bo, Z 

797 2017 O60 30:7 
0.559 0.6530123796 
49 1.370086544 
9.977 mo to7 4115 
0.525 0.4485708243 
-.212 1.106529184 
137 foto 609 


WS 


20012 GObi03 07.253 
04101237963 
O71 94 Sus G07 
7027575375001 
Oras 23 ye 2 
~008471815545 
065000508 5 





Meow REGRESS X1,X2,X3,X4,XSe"t5 


ANOVA 
BOURCE ODF SUM SQUARFS MEAN SQUAPF Po2A 2 5o 
EGRESSION 5 Waseca 7 foo Dee Gap Gee aad 1234 Stare 
RESIDUAL i 2.064uUF 2 2.06uNF 2 
6 1,.4094UE0 


OTAL 


| 

SQUARE: 0.9853521321 

TD ERROR: 0.1436812995 
COEFFICIENTS TT STATISTICS 


m20.7098 Bie 
0.443 Oe 7 
“0.0443 SOL 789 
"0.2366 “1.6036 
“1.4627 eet 2. Ob 
12.6821 1.628 
WerOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


‘URBIN-WATSON: 2.555437999 
‘0 YOU WANT TO FORECAST A VALUE FOP Y? 


! 


10 YOU WANT TO SCAT RESIDUALS VS. PREDICTFD Y? 


ANGE OF X: 0 2 
MANGE OF Y: ~0.1 0.1 


ou 2 
892 1.894n43928 ~0,002443928386 
577 0.6256487241 ~9.04864872413 
mm 452 1.36669654 0.085303460901 
931 Oroigks 30514 ~Q0,03053%05136 
m 51 Getto eg225 234 O2'06867 70756. 
1.188 1.177950766 @. 01000923445 
12 Peps 7 TOs 07 7 PO Ste 77 


8 0 





Meee REGRESS @CX1,X2,X3,XU,X5%25) 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
7EGRESSION 5 1.4007£00 2.8014E 1 5.8011Z00 
RESIDUAL 1 Wego 912 U,8291E 2 
TOTAL 6 1.449020 
9 SQUARE: 0.9666728451 
Seb AAOR: 0.2197530645 
COEFFICIENTS ReSnATESTICS 
0.2234 0.0498 
2.1264 1.6695 
mo24718 "2.0453 
70.5841 “0.4264 
"0.6856 “0.4362 
5.5396 0.5368 
DO YOU WANT A PRINTOUT OF THE VARIANCE-COVAPRIANCE MATRIX? 


N 

DURBIN-WATSON: 2.409325477 

OeeyOU WANT TO FORECAST A VALUF FOR Y? 
N 

DO YOU WANT TO SCAT RFSIDUALS VS. 
Y 

RANGF OF X: 0 2 

MyGEh OF Y: 0.15 0.15 

| 


Paarl TED  y 2 


| ° 


| aoe ese Sse 2s 2S SF BSF 2 2 SF 2S 2 2S |S |S | o =o es PF BS fF ese ws Fe 2S = | 


Ba, 2 

1.906 1.835778593 0.07022140706 
0.553 0.6166087492 ~0.0576087492 
mH. 435 1.376130584 0.0588F4941571 
0.939 Te ON eS 515 82 2 ~0,07255582186 
m3 1 Oeoomll1? 7952 yy 19457 Sore 
243 fe 2o50R8 95 0.90907811950N98 
fmt 02 1 eie597 Sp ee toto 
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Meee AEGRESS @CX1,X2,X3,X4,X5%25) 


SOURCE D 
REGRESSION 
RESIDUAL 


TOTAL 


R SQUARE: 
feo ERROR: 


Oe UN "xy 


merrriIcriENTS 


Meer OU WANT A PRINTOUT O 


N 


~ 1.9553 
2.1487 
mon 4127 
mie i414 
more; o17 
9.6729 


DURBIN-WATSON: 
Meer OU WANT TO FORECAST A VALUE FOR Y? 


N 


ANOVA 


SUM SQUARES 
1.5570E00 
SS Oe Be. 

1.68146E0 


0.9643437624 
Oez 299383216 


CoA ES hres 


On 


Lee 
ee 
Ome 
On 
OF 
oi 


e939. 254 77 


Jo. 
54514 
S357 
74U31 
u264 
ao -9 


MEAN SQUARE FP -RATIO 
cs Ca! a i | 5.4091£F00 
S.7570F 2 


THE VARITANCE-COVARIANCE MATRIX? 


meer OU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


i 


RANGE OF X: 0 2 


MevGe OF Y: 


me, oS 


2025 
m6 1 2 
1.442 
7.887 
e202 
im 115 
ime 26 


mori15 0.15 


rPBrROOrROFR 


~948328457 
nee 300358 / 
MoM 7 Do 7 
Pie 2 20 30 38 
~3692URYI1T4 
eg tt 7 
wcnomenetrn 1 


O07 667 154303 
~0.6°290033:07-4 
,OGUZ2Z7 REZ 2386 
207 922038 354 
so See 7 55,510 
,0O0B S20 520234 
HO1116608 


oOo ooo 0 O 
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Meo TP GRESS @CX1,X2,X3,XU,NS%t5) 


ANOVA 


SOURCE ODF SUM SQUARES MEAN SQUARE F-PATIO 
REGRESSION 5 1.1506F00 Deo Odo 1 1 CeO +1 
RESIDUAL 1 PE VOS7 2 2 DATO Se 2 
TOTAL 6 7 0 


MEOUARE: O0O.9820281748 
Been nkOR: 9.1451099388 
meerPFICIENTS Poa Por TCS 


2.5305 0.8541 
1.859 2 On 
“0.4898 32S 7 
0.3851 0.4258 
0.3374 0.3251 
m.1279 "0.1655 


Meet OU WANT A PRINTOUT OF THE VARIANCF-COVARIANCE MATRIX? 
N 

(DURBIN-WATSON: 2.409325477 

fee OU WANT TO FORECAST A VALUF FO® Y? 

WN 

SeeeeANT TO SCAT RESIDUALS VG. PREDICTFD Y? 

i 

meeecr, OF X: 0.4 1.8 

Mech OF Y: 0.1 0.1 


| 
|e 
| 
| 
| 
| 
ee a vo 


| 
| 
| ° 
| 
| 
| 


eo, 2 
im 707 1.660630571 0.046369428R83 
0.559 0.59704008%96 ~0,03804088963 
7.49 1.451126652 0.039887 39%783 
7.977 feos 41 7 0 220 oe) ete ee 
525 fennel 72101 0.08028789902 
m, 212 4.206802115 O20 OS irs eee Ss 
i137 eeulaneiae 5 tt Dow ons sia 7 5 3'5)8 
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Beet REGRESS @(X1,X2,X%3,X4,X5*45) 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
PEGRESSION 5 1.3672E00 2.734SE 1 6.4u8B84UEDNN 
RESIDUAL 1 eo de = 2 U,214U4E 2 
TOTAL 5 1.4094UEF0 


R SQUARE: 0.9700973306 
STD ERROR: 0.2052901061 
BOBPFICIENTS TT STATISTICS 


07.0927 Cranes 1 
2.0585 1.73 
~0.4563 S 2.44075 
mo.5009 We, cea 
mo.ui59 "0 2833 
5.1473 0.5339 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVAPIANCE MATRIX? 
N 

DURBIN-WATSON: 2.409325477 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

y 

RANGE OF X: 0 2 

MpGe OF Y: 0.15 0.15 


| 
| 
| 
| ° 
| 
| 
See --------- eee =e 


| 
| 
| ° 
| 
| 
| 


Bu .Z 
1.892 1.826400186 0.06559981375 
577 0.6308172528 ~0.05381725282 
Hm. 452 1.397005051 _0.05499494909 
0.931 0.99878059 0.06778058998 
7.51 0.3964150076 0.1135849924u 
F.188 17180703031 0.007296969333 
12 1.239878882 ~90,.1198788818 
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Z-(@S1) REGRESS @(X1,X2,X3,X4,X5%45) 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F -RATIO 
29EGRESSION 5 1.3959200 DoT aes ee Ned 
RESIDUAL 1 2 08 Tees 2.97813 
rOT AL 6 1.398850 


2? SQUARE: 0.9978710193 
SeeeERROR: 0.05457208236 
BeerFPFICIENTS ToT AL ESTES 


1.6348 1.4672 
2.0404 6.451 
"0.5666 “99,8921 
mo, 2512 _0.7383 
Pee ou 0.3085 
mo. 2792 [Os1099 
DO YOU WANT A PRINTOUT OF THE VARTANCFE-COVAPIANCE MATRIX? 


i 
DURBIN-WATSON: 2.4809325477 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

v 

DeeyOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
Br 

RANGE OF X: (0.8 0.8 

RANGE OF Y: “0.04 0.04 


8 


mee? 1p((*1)*2(;1]) 
fer, co! ,(o1-Z2I) 


1.906 fone 7 050052 ON022 4 ro at a9 
0.559 0,.5670546392 ~0,008054639232 
1.435 feet OG 7 9.9020826032781 
m. 939 0.9560722943 “On01 To 72034 
m.51 0.4948311189 0.01514888111 
243 Ween 591232 0.0024087F8B2UF 
m,102 1.137683304 ~0,.03568330369 


Bole(S1-71I)+*2 

er~-+/1 7oSSI 

og 
003384918903 
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MaO52) REGRESS @(X1,X2,X¥3,XU,X5%5) 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUARE F-RATIO 
27EGRESSION 5 1.3861F00 Oona yO Deel 1.3629F+2 
RESIDUAL { 2 0a NOs a DOs Os ss 
rOTAL 6 1.3882F0 


MeUARE: 0.998534731 
See tROR: 0.04510013801 
BOBrFICTENTS TC pomAd ton Co 


0.2476 0.2688 

2.2146 8.4723 
“0.4667 “9.858 
“0.0764 ~O.0271068 
“0.0462 “Ort ue 9 

2.0998 0.9914 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 2.409325477 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

¥ 

RANGE OF X: “1 1 

WayGE OF Y: 0.03 0.03 


° 


Q 


mpe7T 10((+1)*2Z0;1]) 
mee cl ,(S2-Z1) 


2.025 1.996025777 0 028 a7 Ep oss 
512 0.6192786809 70 2007278n80929 
im, th? 1.424682826 OF O17 314 17 806 
7.887 0.3003068819 ~9,01330688194 
0.502 0.4896283617 0.0123716383 
m.115 jews 20.09 0,.001785990679 
1.126 1.156048466 ~0,03004846575 
SSI*(S2-Z21I) «2 


mee-+/1 7oSSI 
Se 
0.002428599928 
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Z+(@53) REGRESS @(X1,X2,X3,X4,X5«45) 


ANOVA 








BOURCE ODF CU teaae UAR ES MEAN SQUARE F=RAT IO 
REGRESSION 5 Teor oo 2 esOu Shes 1.43825+3 
RESIDUAL i} tetas 1.741uRF 4 
TOTAL 6 1.2524E0 
R SQUARE: 0.9998609606 


STD ERROR: 0.01319604426 


COEFFICIENTS PATE STICS 
2.8103 Ome 

7 5u7 22.9416 
“0.5895 “42.5634 
0.8029 9.7613 
0.5075 5.3767 
"3.939 "6.3564 


DONYOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
4 

DURBIN-WATSON: 2.409325477 

Meer oU WANT TO FORECAST A VALUE FOP Y? 

N 


Meer OU WANT TO SCAT RESIDUALS VS. PREDICTFD Y? 
Y 

RANGE OF X: _0.8 0.6 

Merce OF Y: 0.01 0.01 


meee?) 19((*1)*20:1)) 
me, 2.,(S3-21 ) 


me O7 eee seo gel o tot OF. 78 2s seo 7) 
99 pesos 1.277 O27 00193 (seta 
1.49 1.484742038 0 0025.7 26 eb 2 

e977 Orrcieee b oO) 22 0.004266012197 
me 225 OR oe o0 e807 7 OFnOl0 2 8 eae i2 2G 

mm. 212 ee cee 16 6 0.000563 to2156 
i337 Pel 45799553 OO 08> a2 eT 


oi+(S3-2T)*2 


of 
0.9001934582814 


87 





_—— a — a 


| 
f 


| 


| 


Meee ot) REGRESS @(X1,X2,X3,X4,X5*25) 


SOURCE D 


RESIDUAL 
TOTAL 


R SQUARE: 
Sa ERROR : 
BORrFICIENTS 


F 
REGRESSION 2 
1 
6 


1.4651 
2.0279 
~0.5382 
0.2827 
0.0741 
Moma 21i 


ANOVA 


SUM SQUARES 


12 3076500 
1.50682 3 
1.349170 


Oe I988830606 
Ore S818i33s74 


Deo TAT IST Go 


1.8485 
9.0135 
"13.2096 
1.1685 
0.2668 

0 234 


MEAN SQUARE F-RATIO 
2 Oa en ot 1.7886E+2 
1.5068F 3 


Weer OU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


DURBIN-WATSON: 


2.409325477 


DeeOU WANT TO FORECAST A VALUE FOR Y? 


N 

DO YOU WANT TO SCAT RESIDUALS VS. 
y 

RANGE OF X: 0.8 0.8 

MENGE OF Y: 0.03 0.03 


i. 
QO. 
p45 2 
931 
o. 
1 
1 


if 


mee7 ip((*1)*2C;31)) 
mec! .( S54 -Z1) 


Bo 2 
577 


5 1 


7188 
p12 


Bore ( 54-7. ) 


meets Joos 


5H 


001728151201 


es 
(reo 20167 91 
ieetboin 76 960 
O79 4s 003024 1 
0 
a 
1 
x2 


868676184 


BAO oe 3 


1 eGodokhdo4 
~145677864 


Pe EG el) mye a 


Sa eo Gs) > 


88 


U2 3.0 2S Uae 
wOO a 0467 oe 

-OLSO0270367 

~-01200902406 
0198268 3060 
,OOTe 28055713 
,OZ oe (7ougo. 









| 
I 


| 


| 
: mOU WANT A PRINTOUT OF 


ANOVA 
| SOURCE ODF SUM SQUARES 
REGRESSION 5 1.435S5£F00 

RESIDUAL i 1.34902 2 
TOTAL 6 1.44U90£0 
R SQUARE: 0.9906900953 


SaeeeernmOR: 0.1161471181 


COEFFICIFNTS PeSTATISTICS 
2.069 O6726 

mr. 3901 T2682 7 

a. 6761 3.9504 
“6.1385 2027736 

mo. 2118 “0.0899 
1.3895 Onio7 7 


N 
Meee N-WATSON: 1.851122569 


DO YOU WANT 


N 

DO YOU WANT 

¥ 

RANGE OF X: 0.4 2 

Moe OF Y: 0.08 0.06 
| | 0 

| ° 

| 

| 

| 

| 


| 
| 
| 
| 
| ° 
| 
| 
| 


el,7 
1.906 1.852U6298h 
mm, 959 Oe s79603954 
m. 435 jeoo2 O64 
m.939 O29 9439989501 
51 Ores a 2124921 
m. 243 We 2a 5 O41 9 
m, 102 7168004196 
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Mest REGRESS 14(X1,X2,X3,X4 ,XS #45) 


MEAN SQUARE F-RATIO 
O87 Oe 2.1282F +1 
1Aeu50r 2 


SOO © OO 2 2 


Die VAAN Ch = COVARIANCE VATS LA? 


Mome ORECAST A VALUE FOR Y? 


MmemocAr KHESITDUALS VS. PREDICTED Y? 


MOO So OO 3 
00 MO 26105 O7 
50600 21-0563 6 272 
205539895007 
2056727 507 ae 
(001249581026 
.06600419598 





Meet eGRESS 1#(X1,X2,X3,X4,X5*«:5) 


ANOVA 
meURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
EGRESSION 5 1.5820F00 a.1680F @ 1 VO 20 6 
RESIDUAL, 1 2075950502 ao 5 Sur 2 
OF Al. 6 6460 


' SQUARE: 0.9798127011 
TD ERROR: 0.1805389721 
COEFFICIENTS fT STATISTICS 


4.8461 10403 S 
Oe, 5432 "1.916 
7.5585 De? tt 
"1.0158 Rog 24 
"0.3269 Ove ont 
“4.9768 Bewse33 


ONLOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
i 

Pep IN-WATSON: 1.851122569 

MeerOU WANT TO FORFCAST A VALUE FOR Y? 

/ 

Me OU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

Z 


ANGE OF X: 0 2 
Mpcr OF Y: 0.15 0.1 


ee tf je 

| 

| ° 

| 0 

| 

| 

be. Z 

025 teu 790 1 12 0.08321788788 
7.612 0.59794884u7 Oen0 1 © Std sie 6 
2442 tile 73 0 0100801772 910.92 
0.887 0.9715576773 ~0.08455767727 
7,502 Omit 7295506 0.08827084937 
7.115 105 7 652 CML Rmeh watt Wa swas 
1 


m1 26 1.22859396861 ~0.,1025368607 
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Meee AEGRESS 14¢(X%1,X2,X3,X4,X5 225) 


ANOVA 
| SOURCE DF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.5820F00 3.1640F 1 9.7072F00 
RESIDUAL 1 3.2594EF 2 3.2594E 2 
TOTAL 6 1.6146F0 
MESOUARE: 0.9798127011 
STD ERROR: 0.1805389721 
COEFFICIENTS PeSTALITS Tics 
U,84U61 1.0135 
“4.5432 “41.916 
7.5585 Deg. Ng) 
"1.0158 “0.0824 
0.3269 Pome 
4.9768 0.3633 
DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


ON 


DURBIN-WATSON: 1.851122569 
meer OU WANT TO FORECAST A VALUE FOR Y? 


N 

mer YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
i 

RANGE OF X: 0 2 

MENGE OF Y: 0.15 0.1 


| ° 

| ° 
| 

° 


[|--------------- 


| 
| 
| ° 
| 
| 


oo ,2 

2.025 1.941782112 0.08321788788 
0.612 0.5979488u7 0.01405115296 
m. &42 he ao 74 "0.00022 72 50 52 
0.887 0.9715576773 ~0,08455767727 
0.502 0.4137295506 0.08827044937 
115 1.113057652 0.001942347676 
1.126 ~Q0.,1025368607 


aoe? oe OO 
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Mee REGRESS 12(%1,X2,X3,X4,XSt5) 


ANOVA 
BOURCE ODF SUM SQUARES 
REGRESSION 5 ele ee06 
RESIDUAL 1 UOS41E 5 
TOTAL 6 7h ak HE 


| 


ie 0.9999653991 
STD ERROR: 0.006367144447 
COEFFICIENTS T STATISTICS 


0.6995 Ta a ame) 
“4.0298 “36.2544 
9.1496 75.9947 | 
“43.6186 ~ 31.3075 
mi, 22 5:0 P17 39'clon 
9.2415 1 9esicas 


MEAN SQUARE F-RATIO 
20343251 5.7800E+3 
Us OS41E 5 


meyOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 
MeRBIN-WATSON: 1.851122569 


MeYOU WANT TO FORECAST A VALUE FOR Y? 


N 


Meer OU WANT TO SCAT RESIDUALS VS. 


Y 
RANGE OF X: 0.4 1.8 
RANGE OF Y: 0.004 0.004 


| eewewoereweere 2 ee2- = Qeenr- - = Owr-wr32@7- 2 = 

[i o 

| 

| o 

i o 

| 

ao). 2 

m 707 1.709934u881 
mm. 559 0.559495548 
4&9 1.489988uU57 
977 0.978 N01 78684 
7.525 QO. See 1130715 
im, 212 je 2 6 8502 
137 ipeurrcr a O 7 3 


PRE Cr ry 2 


Or 


ie 
“9.,9000u955u799 
NOOGO tot a2 513 
.0029821315R 
"OG 311307 1004 
/00006859160229 
SOOme Lagoaie7 


! 
Oo oO o.oo 2 oo 


C020 30880559 





Peewee GRESS 14#(X1,X¥2,X3,X4 ,X5%*+5) 


ANOVA 

BOURCE ODF SUM SQUARES 
REGRESSION 5 To 8 6 E00 
RESIDUAL 1 1.081uF 2 
TOTAL 6 1,4094F0 


MeOGUARE: 0.9923271201 
mo ERROR: 0.1039901585 
BOEPPICIENTS Tro eA ee ouee >: 


pe BT 2 0.8304 
merci ty 2 28974 
8.4112 4.2775 
“6.3906 ~0,8995 
“9.4979 > Orciete? 2 
1.3043 0.1653 


MEAN SQUARE Pe AO 
Daa) Get 2.5866F +1 
1.0814E 2 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 
MenHBIN-WATSON: 1.851122569 


WO YOU WANT TO FORECAST A VALUE FOR Y? 


N 


DO YOU WANT TO SCAT RESIDUALS VS. 


Y 
BANGE OF X: 0.4 2 
RANGE OF Y: 9.06 0.06 


| 0 0 

| 

| 

| 

| ° 

|--+--------- ee 

| 

| 

| 

| 

| ° 

| ° 

Su ,Z 

mm. O92 1.84406663 
o.577 0.5689065584 
mM. 452 12452188524 
2931 O-29797050866 
o. 21 O74 591563625 
m1 98 is fe oreieo i721 | 
ime i 2 ie O'S. 5/62 7 


OZ 


OoOooooo oe 


Ean) ee eet 


7930.5.) 01016 
~00809344H1584 
~OO0OVE SS 25.2314 
~-90487050846 
sOSOSUSb S373 
COLT Pe 7 sare? 
pO SOs 2735 





meeetol) REGRESS X1,X2,X3,X4,X5*:5 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.8343£00 3.6686EF 1 7.5089E+3 
RESIDUAL 1 4U.,8858E 5S 4.,88S5B8E 5 
ROT AL 5 1.8344EF0 


MeOQUARE: 0.9999733655 
MeeeeahOR: 0.006989823635 
BonrPrIiClENTs fo eA oT CS 


m1.7183 “2.9816 
“3.4624 ~28.0717 
0.0362 45.9891 
“0.0604 “8.4164 
my, 2004 ~3.9998 
2.7103 7.1516 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVAPIANCE MATRIX? 
y 

DURBIN-WATSON: 2.555438004 

DO YOU WANT TO FORFCAST A VALUF FOR Y? 

y 

DO YOU WANT TO SCAT RESIDUALS VS, PREDICTED Y? 

y 

RANGE OF X: 0.5 2 

RANGE OF Y: ~0.004 0.006 


Wee? ip((Z* 1)031)) 
SoZ? ,.(S1-2T) 


1.906 1.905568179 0.0004318206845 
0.559 0.5582614356 0.0007385644U014 
m435 1.443596702 ~0.008596702468 
0.939 0,.9376920903 0.00130790°9R86 
7.51 0.510803204u6 ~0.,0008032046415 
f.243 T22USTSSe ~0.909075S799F145 
m1 92 1.0974F3582 0.00%53A418307 


mol e(S1-71)*«2 

eeet+/1 7oSST 

ar 
™000098141379932 





Beemer e) REGRESS X1,X2,X3,X4,XS*t5 


ANOVA 
SOURCE DPF SUM SQUARES MEAN SQUARE P-RATIO 
REGRESSION 5 1.6947F00 3.389uF 1 5.9754uUF +1 
PESIDUAL 1 S$.6723F 3 Solas 3 
TOTAL 6 TV. 7O0O0NLO 
R SQUARE: 0.9966641189 
STD FPRROR: 0.07531465437 
COEFFICIENTS T STAR EST LCs 
m2) 4199 non oo 
~4,39u8 73.3065 
moe 025 1 _2.9624 
0.9858 1.1094 
mo 533 "0.9873 
| We 1525 1.0169 
Mm YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATPIX? 


N 
DURBIN-WATSON: 2.555438 


mo YOU WANT TO FORFCAST A VALUE FOR Y? 


v 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
Y 

RANGE OF X: 0 2 

MANGE OF Y: edo 0. 06 


| 
| 
0 
| 
| 


Z2I*+7 19((2Z*% 1)£€31]) 
Pez? .(S2-271) 


2,025 2.019760466 0.005239533573 
9.612 0.,6025956641 0,.009404335855 
ie 4 th 2 1.541385353 ~0,09938535324 
0.887 0.8745837991 0.01241620089 
502 0.5105138389 ~0.008513838947 
m115 fet 2tse7 sou TrO,00 G5 a7 tanks 11 
m, 126 1.076988901 0.04901199894 


ere (2-77) 2 

Seet/1 J95ar 

SE 
20126655613 


94 





femme) RE CRESS X1,X2,X3,Xu,X5%:5 


ANOVA 
BOURCE OF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.7004UF00 3.4009F 1 u.,3896F+3 
RESIDUAL 1 7T.74U75E 5 7.74U75E 5 
TOTAL 6G 12700520 


R SQUARE: 0.99995444 
MD fRROR: 0.008802009025 
BeerPICIENTS tero Aine 1 10.5 


“4.8033 “6.6186 
~ 3.4655 “OO ane 
0.0343 34.6241 
“0.0995 Bole e oske) 
"0.5196 ~8.2353 
4.5826 9.6025 
DO YOU WANT A PRINTOUT OF THE VARIANCE-COVA®IANCE MATRIX? 


N 

DURBIN-WATSON: 2.555437995 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

y 

DO YOU WANT TO SCAT RESIDUALS VS. PRFEDICTEN Y? 
Y 

RANGE OF X: 0.4 2 

MANGE OF Y: O006 0.9006 


|--0 oan el aeselCUhOUlUrOUlUlUlU EET lUlU OU EU SU UU UT UCU SP UlULeePr ll eest  est  es e e ee 


Wee? 19(€Z* 1)€31)) 
merc! ,(S3-Z1) 


m7 07 1.7070 3963964 0.0004363639887 
0.559 0.5599328282 SO eoeo 328261771 
4.9 ieugewe 7 947 0.01151206347 
977 OIeOT eT 3e7532 WOOO meee 7 ee 
9.525 0.5239320481 0.001087951892 
212 eon dG. oS 7 Gogo IG 627905 
37 fo 3925.9 0.0061 992593993 


SSI#+(53-71T)+*2 

meet /1 7oSST 

oe. 
0.000176435%227 


2 





Meet to4) REGRESS X1,X2,X3,X4 .X5 "45 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 5 1.7468EF00 3,090 75° 1 u.02S50F+2 
RESIDUAL 1 8.6799F 4 8.6799EF 4 
TOTAL 5 1.7477F0 


MeeeUARE: 0.9995033557 
mD ERROR: 0.02946168207 
MeerFICIENTS BeODTATLSTICS 


“3.1456 “1.295 
cn 9227 S72 OSs 1 
mood 17 _9.5566 
O0s 1 2.6779 
“0.4106 ~4,9443 
3.7913 2239735 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
Ny 

DURBIN-WATSON: 2.555438 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

Ny 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

Y 

RANGE OF X: 0.5 2 

RANGE OF Y: ~0.02 0.02 


me? 19((Z* 1)£3;1]) 
eu 2l,(Su-ZT) 


1.892 1.890207841 02004792159 16 
577 0.5736979175 0.003392082528 
mm &S2 1.489838136 EQ 0C7 8201552 
0.931 9,.9256046821 0.005395317879 
a. 51 0.5134026762 70. 003402675222 
1.188 Tadeo o1 533 70, 02 91153297016 
im, 12 Peis 1 6 02 2 0.01948897815 


SSIT+(SuU-ZI) *2 

SE#+/1 7oSSTL 

Dc: 
0.001874769213 


96 





Meeoixt 2) REGRESS X1,X2,X3,X4,X5%45 


ANOVA 
SOURCE OF SUM SQUARES MEAN SQUARE F -RATIO 
REGRESSION 5 3.8638E 1 Taleo 2 1.9962F+2 
RESIDUAL 1 SerS 7 eee a7 715 th 
mer AL 6 3.8676F 1 


MECQUARE: 0.9989991025 
mp ERROR: 0.01967510062 
BOCPrFFICIENTS qo Ad Does 


Psu 5 2 1.5689 
m1 53 ~3,5005 
0.0184 8.3058 
0.006 0.2974 
Om t161 0.8235 
m5 11 ~O2u 79 
DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 
MURS IN-WATSON: 2,.555437997 
me YOU WANT TO FORECAST A VALUE FOR Y? 


Nv 
‘DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
Y 
RANGE OF X: 0.6 1.6 
RANGE OF Y: ~0.015 0.015 
| 


9° 


° 


MmeT 10((2* 2)[:1]}) 
mae? .(S1-27T) 


1.906 1.9077h2UG65 0.001772465789 
0.559 9.564U6103533 ~0.005610353285 
i. 495 1.395667684 02039 33> 31 346 

0.939 0.9466555328 ~0,007655532783 
m5 1 9.50373F542 0.0906263457953 
Mm. 243 fee? Ono 07 0.003895292571 
102 Mei 26600516 "OmO7 Oo eo50 501 


moe (51-Z2T ype? 
mee +/l 7oSSLI 
oe 

m0 231039823837 


Sih 





Meee2*: 2) REGRESS X1,X2,X3,X4% ,XSx45 


Me OUARE: 0.9998637232 
Meee ERROR: 0.00708668237 


oe 7384 Hie 
“41,4464 "ei 
Oo. 0107 18. 
0.0039 Ore 
0.0129 0 
mo53913 ete 


DO YOU WANT A PRINTOUT OF 
NV 


wO YOU WANT TO FORECAST A 
N 





Y 
RANGE OF X: 0.61.6 
RANGE OF Y¥: 0.004 0.006 


| Z2I+7 19((2* 2)€31]) 
meet ,(S2-2T) 
| 


wre (52-21 )*2 

eeeet/ 1 7oSST 

SE 
mp0 3 155386536 


DURBIN-WATSON: 2.555438004 


ANOVA 
| SOURCE DPF Ss SOUAR ES MEAN SQUARE F-PATIO 
REGRESSION 5 See owe. 1 7.3694UE 2 1 Sy ee 
PESIDUAL 1 S.0221F 5 S.0221F 5 
0TAL 6 39.6852E 1 


BOerFrIiClENTS Poe ArT STi CS 


6866 
5643 
u4UOS 
9415 


2506 


0183 
THE VARIANCE-COVARIANCE MATRIX? 


VALUE FOR Y? 


Meer OU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


2.025 2.0243905474 0.0006945256332 
612 0.6097088633 0.002291136676 
| ae, 1.456682144 ~0,901468214382 
0.887 0.8844891513 0.002510848688 
0.502 0,5042310488 SO moo 231 aues7 5 
mm, 115 1.116168047 ~0,00116804%6685 
m.126 1.116966985 0.009033015014 


98 





MetSa*t 2) REGRESS X1,X2,X3,X4 XS «45 


SOURCE ODF 
REGRESSION 5 
RESIDUAL Bl 
TOTAL 6 
mE SQUARE: 


67D ERROR: 


SerrriICIENTS 


DO YOU WANT A PRINTOUT O 


N 


0.0555 
“1.3965 
0.0164 
~0.0255 
monet 223 
mm. 0487 


DURBIN-WATSOMN: 
meeyOU WANT TO FORECAST A VALUE FOR Y? 


N 


DO YOU WANT TO SCAT RESIDUALS VS. 


Y 


RANGE OF X: 
BANGE OF Y: 


ANOVA 


SUM SQUARES 
a. Sug ons 
6.4823E 4 
3.5487E 1 


See 281733045 
0.02546044 814 


Perot ATeu Go 


Beige. 4 
0.02 0.015 


Gn O76 u 
~ 3.1085 
5.7321 
0.9744 
0.67 
ae 
F 


G2 


7 


22555437998 


Mee7T ip ((Z* 2){;1]) 
pees! .(S3-Z1) 


mo, 707 
ae 9 
1.49 
ae) 7 
fe 29 
mee 1 2 
Me 137 


1 


rr OO Or’ © 


SST+(S3-2I)*2 


meets. To505T 


SE 
@.004270558281 


FOB933318 
Looe eal. h 3 
no Os O00 02 
~987TS34UST7UY 
oP ooo F007 
ee Oa Gee 6 8 
pl 06 On iG 


MEAN SQUARE F-RATIO 
TO CuIE |? 1.0929F+2 
6.4823E 4 


THEVAPLAN CE =COVANLANCE MATAIX? 


Rie Ga) WY 7 


99 


0019233318086 
OOF 2 ol 6 odo 
~OS34I9RATEU 

~905S3457494 

- OO SiO) 182735 
wOO"TBB131874% 
-USCes OU 4S. 2G 





Z+(SUet 2) REGRESS X1,X2,X3,X4U XS wF5 


ANOVA 
SOURCE DF SUM SQUARES 
REGRESSION 5 3.7065F 1 
RESIDUAL 1 1.1861E 4 
BOTAL 6 S207 OF vara 
RP SQUARE: 0.9996800938 
STD FRROR: 0.01089085959 
COEFFICIENTS LSTA RE Sune S 
1.92 2.1382 
me. 3532 eoeeott 3 
0.0166 13.5126 
mo), 0034 Om gOS 
0.0139 0.1783 
“0.0334 “0.0566 


MEAN SQUARE F-RATIO 
T2G130F 2 6 .2u98F+2 
Aes Guinan te 


my YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


BURBIN-WATSON: 2.555437996 


DO YOU WANT TO FORECAST A VALUE FOR Y? 


N 

DO YOU WANT TO SCAT RESIDUALS VS. 
i 

MANGE OF X: 0.6 1.6 


RANGE OF YY: 0.008 0.006 


°o 


Wee? 1o((Z* 2)(3;1])) 
oe ol ,(S4-Z1) 


2.892 Peo 2964558 
ee 7 7 Ge soO2o04gu 
i. 452 feo 505 7 
Sie? 3 1 Oreg52 721305 
51 Om 0651550153 
H.198 i oo02 260 5 
ee 1 2 Neelearaeg Go 1 8 


poe eC ou=-ZT)*2 

weet/1 Jossol 

oF 
0.0007405967294 


Bige OC ED 77 


100 


-9OO0S5US5 580917 
moo aO4 Oo 77 
S022 oo 4 3331 
~00417219034 
POU got 24695 
OO 7 O11 VotGs 
BOLooos, 7792 





eet REGRESS (2~X1=xX4),044X2"122),0CXStX3)%142) 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARF P-RATIO 
MREGRESSION 3 eS S126 10 4.5088EF 1 1.4035E+1 
BesIDUAL 3 9.63785 2 Gee Por 2 
(TOTAL 6 1.4490F0 


R SQUARE: 0.933487063 
Mee eenkOR: 0.1792372431 
BeerricCleENTS Deol ATISTICS 


0.5362 0.7998 

| 0.4507 oo 4 

| 1.1815 3.7876 
029973 "2.1885 


mp YOU WANT A PRINTOUT OF THF VARTANCE-COVAPIANCF MATRIX? 
OM 

DURBIN-WATSON: 1.492834464 
meo YOU WANT TO FORECAST A VALUE FOR Y? 

N 

BO YOU WANT TO SCAT RESIDUALS VS. PREDICTED yY? 

Y 
RANGE Crees 0.4 1.8 

RANGE OF Y¥: 0.2 0.2 

| 


0 0 

| 0 

ne) - ~- --------~------ 

0 

0 0 

| 

oa. Z 

1.906 1.756428099 Pes? 22101 4 
559 Croco e7 222).  0.03791427776 
435 1.564 06166 7 O.,126RFIARFSEF 
0.939 1057404901 Ooh 7 oa? 
0.51 0,.4932825522 Hohe gl uu 7 au 
243 1.98F 958453 O,1SAOK1 SHER 
i 02 1) 7 S01 “Q.,ORRAT50144UF 


Od 





eee EGRESS €2%X1xX4) ,C4tX2*142) CC X58X3) 4142) 


ANOVA 
SOURCE OF SUM SQUARES MEAN SQUAPE Pon Ar ho 
REGRESSION 3 1.4998F00 u,9994UF 1 1.3068F+1 
RESIDUAL 3 ie ed 3.28259 2 
TOTAL 6 1.614620 


BE OQUARE: 0.9289143785 
STD ERROR: 0.1955969662 
COEFFICIENTS fp STATISTICS 


0.11985 0.162 

0.5474 3.0478 
_1.0069 a2 ceed 

0.847 1.7033 


me 210U WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.296471296 

mo, YOU WANT TO FORECAST A VALUE FOR Y? 


N 
mueeeu WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
Y 


RANGE OF X: 0.4 2 
PANGFE OF Y: 0.2 0.2 


| ° 


° 


|--0 2s ee eeeweesw Be eweweeweweeeee ae = = 


oe. 2 
2.025 1.8408190071 0.1841899287 
612 0.6011698712 001083012877 
P4442 1.608561 20s 16656091907 
0.887 1.065525015 SOc 85250453 
0.502 0.4477593823 9.,05u2NUO0R17TFY 
m 115 0.9846729568 0.1303270432 
A. 226 1.160501703 7930355079 7a238 
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Meee AGHRESS (2*X1ixX¥) ,(4!#X2"1#2),C(CXS#X3) *132) 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 3 1.1468E00 3.8226E 1 4, 6GO064E+1 
RESIDUAL 3 2.4895E 2 8.2984E 3 
TOTAL 5 1.1717E0 


meoGUARE: 0.978752256 
BID ERROR: 0.09109548491 
SeerriClENTS Pool ATS res 


0.8934 O° 6022 
0.43386 See GS 
e4298 7.1266 

mie, 1202 “4.8538 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.903207432 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

BO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

Y 

RANGE OF xX: 0.4 1.8 

MeayGh OF Y: 0.1 0.1 

| ° 


oo, 2 
707 1.651574796 9.05542520401 
0.559 9.520570653 Oras au 2090704 
1.49 Pe5aha 77125 Doo atl 37 58 tt 
oo77 1.053076592 “Q0,.07607659174 
0.525 0.544095763 3791900576301 
mec 12 1.11%383706 CmOd7 hte 2938 1 
mei a7 1.182921365 “9.0519213hUBS 


105 





Geet REGRESS (2*xX1*xXu),(44#X2"142) ,(CX5#X3) «142) 


SOURCE 
REGRESSION 
RESIDUAL 


TOTAL 


R SQUARE: 
e2D ERROR: 


ie 
S 
3 
6 


BerrricriENTs 


0.4859 
0.4814 
a0 57 
“0.979 
DO YOU WANT A PRINTOUT OF 


ANOVA 


SUM SQUARES 
1.3354F00 
7, 29808 02 

1.4094UF0 


0O.947507424U7 

tet 70367694 

Casa Ries Gao 
0 


mgr ec 
3.3405 
44,0457 


2.4521 


N 
DURBIN-WATSON: 1.430790445 
meee OU WANT TO FORECAST A VALUE FOR Y? 


N 


MEAN SQUARE F-RATIO 
4, 4US13E 1 1.8050E+1 
2,.4u661" 2 


THE VARIANCE -COVARIANCE MATRIX? 


me YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


Y 


RANGE OF X: 0.4 1. 


MANGE OF Y: 


| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 


Q.1 


8 
Qi 


PRO DOr OF 


A 
mo 2 
mo) 7 
£45 2 
ao 1 
DOL 

7.88 
ei 2 


PRPOrRPrF Oo, 


pe OO Gy lees 
wow eon 0b 4 
po Oo 47s 
OH roi GG. 2 
rE20SeG2 12 
20157530509 
ig ee 


b 
S25 Se 2: © 


poo Oo 8 248 
OZ oo 27 6 
elo o si 5 
wi 53 8 248 
Oa aitvs 30 277-97 
oroO4t369 09 
Or ome gee bal Othe 
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Meee bGRESS (((2xX1)*x2)*X4),(C4#X2"142),((X39tX5) #122) 


ANOVA 
SOURCE OF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 3 1.4150£F00 U,7167EF 1 U,1616E+1 
RESIDUAL 3 3.4002E 2 fed its: a 
TOTAL 6 1.4490FO 


R SQUARE: 0.9765346449 
meee bhROR: 0.1064605627 
COEFFICIENTS P STATISTICS 


2.9736 4.1419 
0.208 Sia 
1.0298 5.458 
u,O4aS 3.4965 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.709393195 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

mo YOU WANT TO SCAT RESIDUALS VS. PREDICTFD Y? 

Y 

RANGE OF X: 0.4 2 

meyGh OF Y: 0.1 0.1 


| 0 6 

; 

| 

Da. Z 

1.906 1.826269553 0.0797304uU743 
0.559 0.5253347306 0.0336652693f 
1.435 1.5258725 ~90,.09087250013 
0.939 1. 00544366 “9, 06644866008 
O51 0.4995394704 0.01046052956 
e243 1.145123686 0.09787631386 
1 KO 2 1.46664 114 “0,06441139993 
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MeeeeeneCRESS (((2x*X1)*2)*X4),C42X2"152) CC X92X5) *142) 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUAPE F-RATIO 
REGRESSION 3 1.5728E00 S. 2uO7 Er 4 3.7649E+1 
RESIDUAL 3 u1776E 2 1.3925F 2 
SOTAL 6 1.6146EG 


R SQUARE: 0.9741257908 
mre ERROR: 0.1180061862 
SoeeriCilENTS PS ALS CnCsS 
2 


a 0007 a Zea 
0.2486 Doge 

0.8465 4.0476 
a. 2014 ZO 6 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURRIN-WATSON: 1.345852334 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

DO YOU WANT TO SCAT RESIDUALS VS, PREDICTED Y? 

y 

RANGE OF X: 0 2 

RANGE OF Y: ~0.15 0.15 


ae, 2 
B. 025 101 28S 3 Oro 11 e168 417 & 
Oo, 612 Oe 6 Oe te 2 65 OS OOS 87734027 
1 Ae, AS Tate? 2.0 Gl ieee oie Oe 
o 887 O95 31255 226 7O. 07217452004 
or 502 0.4u98976576 0.,05210734234 
me 115 1.055459281 0.05954001311 
He 126 1.15440143 Shee oo 16 29.98 
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2*S3 REGRESS (( (2X1) *2)=«X4U) ,(44X2"142) ,((X394XS5) e142) 


ANOVA 
BOURCE ODF SUM SQUARES MFAN SQUARE F-RATIO 
REGRESSION 3 1.1663E00 3.8878E 1 2,.1906F+2 
RESIDUAL 3 5,3242F 3 fT Tug ee 3 
BOTAL 6 11 70 


R SQUARE: 0.9954558534 
miD ERROR: 0.04212758929 
SemeriClIENTS T STATISTICS 


"2.9864 One ot 
0.1899 ieee siew 
0.9841 121607 
4.3479 9 248 72 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 2.841201446 

DO YOU WANT TO FORECAST A VALUE FOR Y? 

N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

y 

RANGE OF X: 0.4 1.8 

RANGE OF Y: ~0.04 0,06 

| 


| 
| 
fo 
| 
| 


| 3 ° 
| 
8 ° 
$3,2 

m7 O07 Too Poms 7 1 ~0.01244947073 
0.559 0.5311134601 0.02788653989 
1.49 1.478253498 Oot ates Oe 4 
oo 7 7 0.9828400917 Somos o004 7 17 
0.525 0.5578202619 ~0,.03282026191 
me 12 1.167041473 0.04495852676 
ieee 3 7 dee tote juny OO ua 7 ut S 8 
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Meee eGRESS (((2*%X1)*2)«xX4),(C4tX2"122),00X32X5) #142) 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 3 1.3894£00 uU,6314E 1 6.9615£F+1 
RESIDUAL 3 1.9959EF 2 6.6529E 3 
TOTAL 6 1.4O094UF0 


R SQUARE: 0.9858386487 
meee 2AROR: 0.08156517286 
CoReeTCIENTS PRSEATISTICS 


m2. 8327 5... 15 
02173 7 Ore? 
0.9526 6.5898 
ay 6331 4.3199 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.598984712 

DO YOU WANT TO FORECAST A VALUE FOP Y? 

N 

DO YOU WANT TO SCAT PESIDUALS VS. PREDICTFD Y? 

y 

RANGE OF X: 0.4 2 

RANGE OF Y: 0.1 0.1 


| 

| 

| o o 

| 

| 

SY 2 

1.892 1.826496706 0.06550329443 
0.577 0.5548634763 O7022 13652372 
ek 5 2 1.527993736 76.07599373607 
moa 1 Gmc oeS 0002  0.05139250092% 
5 1 0.4972525752 (aod 7 eeu 
1.188 1.118661263 9.06933873F92 
ie 1 2 1.162406235 “O.,9U2uU0H23uU5—A 
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py 3 htt 
Be(utX241#2)x((X32XS5 ) e142) 


teow REGRESS (A*2),B 


ANOVA 
SOURCE DF SUM SQUARES 
REGRESSION 2 1.4002F00 
RESIDUAL 4 u,884U7E 2 
mOT AL 6 1.4490F0 
R SQUARE: 0.9662893666 
STD ERROR®: 0.1105068706 
COEFFICIENTS PeST ALT ST TCS 
mom 5iS51 ~2,5324 
Dero 7 2 5.5232 
2.2495 Set id 


MEAN SQUAPE F-RATIO 
7,.0008F 1 5.7328E+1 
120A YO 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


BURBIN-WATSON: 1.421375557 


Mm? YOU WANT TO FORECAST A VALUE FOR Y? 


oOo0O000 OO 


0 


109 


ma Saar 1 5:7 


Pouosg8oeg1 97343 


0656095924 


Pies COO e OF 
nore a Ht 390.5 3 


ro 1622083 
~02484531594 


N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

v 

RANGE OF X: 0.4 2 

RANGE OF Y: (0.2 0.15 

: 

| 

| 

| ° 

| © 0 

a 

| 

| 

e 

| 

| ° 

| 

S1,2 

1.906 4.8644U133uR 
0.559 9.5684681973 
1.435 1.83398560853 
0.939 1.09098087 
0.51 0.4885860395 
1.243 1.105836002 
i, 102 1.077154684 





Meee REGRESS (A*2),8 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 2 1.5706E£00 7.8528E 1 7 leas c+ 1 
RESIDUAL 4 We OOO ko 1 10108 2 
POTAL 6 1.6146E0 


MeOQUAREs 0.9727240819 
mD ERROR: 0.1049280381 
PoenriCIENTS P STATISTICS 


“0.3978 2.0597 
0.70221 7.4628 
77916 4.3542 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIM-WATSON: 0.9997641418 

MO YOU WANT TO FORECAST A VALUF FOR Y? 

N 

m™) YOU WANT TO SCAT RFSIDUALS VS. P®EDICTFDN Y°? 

4 

RANGE OF X: 0 2 

RANGE OF Y: 0.15 0O.1 

| . 


6 : 

| : 

| ee two om ew eee oe ee ow 

: 

| 

| 

| : 

| a 

| 

eo. 7 

2.025 TOG 2 eS 57 7 0.9062148423 
9.612 0.6349461589 0,.02294615885 
1.442 1.544825096 ~0.1028250961 
0.887 1 OOM ot 4 a. S-P231614036 
0.502 9.4707680818 OmOS1 2377182 3 
fei1s 1.016788829 Neo sa 4 ie? 0.3 
1 26 1.968658814 0205724118627 
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Peeoa REGRESS (A*2),8 


ANOVA 
SOURCE DPF SUM SQUARES MEAN SQUAF F-RATIO 
REGRESSION 2 1370200 5.6848EF 1 6.5517F +1 
RESIDUAL 4 4. n707E 2 8.6768F 3 
POTAL 5 Veey ea 
R SQUARE: 0.9703776962 


BID ERROR: 0.0931494911 


COEFFICIENTS TS RAGES TE ECS 
=o, 4412 2 eo OS 
0.0139 5.2997 

2 OATS: 6.1457 


WO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 

DURBIN-WATSON: 1.890048191 

DO YOU WANT TO FORECAST A VALUE FOR ¥? 

N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 
y 

RANGE OF X: 0.4 1.8 

RANGE OF Y: ~0.15 0.1 


63,2 

207 eT S2u1So47 “O0.9454152972u 
0.559 Opomeveces7) 0.01511868371 
eo 1.436550027 0.05344997335 
O97 7 1.111465139 ~0.1344651295 

0.525 0.533491179 “Ono 09 NOM qa 90) 4 
fie 1 2 1.128312553 0.08368744727 
eed 7 1 20706 67071 0.06635292882 


Lil 


2eS4Y REGRESS (A*2),B 


ANOVA 
SOURCE DF SUM SQUARES 
REGRESSION 2 1.3736£00 
RESIDUAL 4 3.5763E 2 
BOT AL 6 1.4094E0 
R SQUARE: 0.974624903 
STD ERROR: 0.09455552257 
COEFFICIENTS T START STICS 
0.4544 2G 107 
0.018 6.7579 
2.0873 5.6295 


MEAN SQUARE F-RATIO 
6.8681E 1 7,.6817E+1 
8.9407E 3 


mO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


ON 
DURBIN-WATSON: 
DO YOU WANT TO 


iio 2 508 5 BS 


N 

DO YOU WANT TO 

v 

RANGE OF X: 0.4 2 

m° Oeey: 0.15 0.15 

| 

| 3 

| 

0 

| ° ° 

| a 

* 

| ° 

| 

| 

: 

| 

o4¥,Z 

1.892 ‘eee hewt4 
0.577 0.592610303 
fees 2 1.497021268 
0 9-1 1.06743801 
0.51 0.4938865991 
1.188 10 7 Aes g 2 
12 1.071613636 


oo Oo 0 oa 2 © 


FORECAST A VALUE FOR Y? 


DioAl ao LT VUAGO WS. Pe EDICTED Y? 


0243517888617 
20156 1.0302.9 8 
~0450212684 
pLoatsnogas 
»OLG TLIO 094 
7 OO 3082 77 
POH BS 8h 36407 


eZ 





S*S1 REGRESS (A*x4) ,B 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 2 123977200 6.9883EF 1 5S. 4uU27E +1 
RESIDUAL 4 5.1358EF 2 1.2840F 2 
TOTAL 6 1.4490E0 


R SQUARE: 0.9645561693 
mr FRAOR: 0.1133120641 
SeerriCiENTS wou nt net rT Co 


"0.3209 See St 
0.0003 5.3683 
227-73 5.1505 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.%8%25988595 

DO YOU WANT TO FORECAST A VALUE FO? Y? 

N 

DO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

y 

RANGE OF X: 0.4 2 

RANGE OF Y: 0.2 0.15 

| 


| 
| 
| ° 
| 
| 


| eo Pewerweeeweeewee2= = = Oewewrwvw Fw = 


| 
| 
| 
| 
| 
| 
| 


onl. Z 
1.906 1.918834276 SOx Ot adue 75 5 
0.559 Os 2 ote ios 5 0.02983859555 
1.435 1.436167839 7O .Onene 78ae73 1 
0.939 1.098222515 70. 152225153 
0.51 0.56889458 ~0.05889458 
e243 1.119243692 Ono 3d7 5690075 
aoa 0 2 1.023475694 0.07852430642 





Bee REGRESS (Ax) ,R 


ANOVA 
SOURCE DF SUM SQUARES 
REGRESSION 2 1.5681F00 
RESIDUAL 4 Hye .5 ogee 
TOTAL 6 1.6146E0 
R SQUARE: 0.971186688 


STD ERROR: 0.1078446125 


Beer rICIENTS EP OSTATESIICs 
0.148 Ore ty 
0.0003 7.2462 
peaeeie 5 2 4.3374 


MEAN SQUARF F-RATIO 
7.8404F 4 Say el2F ol 
1.16302 2 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 
DURBIN-WATSON: 0.9632304298 


DO YOU WANT TO FORECAST A VALUE FOR Y? 


N 


BO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


Y 
MANGE OF X: 0.5 2.5 
RANGE OF Y: ~0.15 0.15 


me. 

man 2 5 2033 13 6915 
eo 1 2 Oese 4 7 0015 06 
1.442 1.464986906 
O88 7 le O09 2.3 
Or 2 0 2 oe oe tt 21S 
ime 15 Os Oo to.9 0.0 
ie 26 OIF e356707 


On OO S37 95956 
ORpOece 213002 G 
O02 208690815 
Oreo 2. OO 2 oo 
OO 717 tui 2153 
0.0814840643 
0,1 263643293 
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mee REGRESS (A*x8),R 


ANOVA 
SOURCE ODF SUM SQUARES 
REGRESSION 2 fod eo 
RESIDUAL y 6.0860E 2 
TOTAL 6 1 a 
R SQUARE: 0.9480564833 
STD FRROR: 0.1233493159 
GOBFFICIENTS Ton AL ES TGS 
0.3001 1.2674 
0.0002 3.7813 
2.3164 ae 2a, 


MEAN SQUARF BA 
Soot On at Some +a 
de Ceo ec 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


DURBIN-WATSON: 1.810947154 


wO LOU WANT TO FORECAST A VALUE FOR Y? 


N 

mo YOU WANT TO SCAT RESIDUALS VS. 

Y 

RANGE OF X: 0.4 1.8 

MGr OF Y: 9.2 0.15 

| 

| o o 

| 

| ° 

- oo 

ee Ce eo 

| 

| 

| od ° 

| 

0 

| 

| 

S37 

ma7 07 lee cre OOS 
0.559 Oca Oo cr 7, 
1.49 Teo sO 2 Se 7 
0.977 1.128032676 
G5 25 0.6005207403 
fee 12 1. 150622278 
oe 37 1.030996426 


ah 
QO. 
Or 
BOs O26 762 
-5" 
oe 
Oa 


DR Gene Tine: ey? 


07088009515 
O27 OAC 7s 234 
Oe 66.7 47 2 7. 


Hise 074024 
OG 77232 
1060035743 
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Z+S4 REGRESS (As4),B 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUARE F-RATIO 
REGRESSION 2 1-36 22010 6.8108E 1 5.7709E+1 
RESIDUAL uy 4.7208E 2 tee 0lF 2 
POTAL 5 1.4094F0 


m OGUARE: 0.9665043083 
ea ERROR: 0.1086369388 
COEFFICIENTS por ArTrSrIC So 


“0.2553 15 oes 
0.0003 5.7989 
2.1296 5.0238 


DO YOU WANT A PRINTOUT OF THE VARIANCE -COVARIANCE MATRIX? 
N 

DURBIN-WATSON: 1.336659174 

DO YOU WANT TO FORECAST A VALUF FOR Y? 

N 

memeeeomvANT TO SCAT RESIDUALS VS. PREDICTFD Y? 

yy 


RANGE OF X: 0.4 2 
RANGE OF Y: “0.15 0.15 
| 


09 


| 
| 
| 
| 
| 


o 9 

| eee se Cee eee wows 

. 

| 

| ° 

° 

ou, 2 

1.892 1.919478335 "90.02747833468 
Om 77 0.5502736899 On 267 260 1044 
Tt 5 2 1.430944515 0.02165548527 
0.931 1.077893149 ~0.1468931486 
G51 0.5785205106 £0.06852051962 
1.188 1.097063803 0,09093F1912 
lee 2 1.016425993 Oe V0 9S 00 72 


ACG 





AATCX1*4) xO C14X2) 4124) %(0C18XS e145) 


BB+(X3«X4U)*14#3 


Meol AEGRESS (AA*2),8B 


ANOVA 
mOunRCr DF SUM SQUARES 
REGRESSION 2 1. 4229700 
RESIDUAL 4 2.67041 2 
TOTAL 6 1,.4490F0 
TR SQUARE: 0.9815729219 
STD ERROR: 0.08170225859 
COFFFICIENTS MOLATIST ECS 
mi 131 ~&,0925 
2.0433 14.3735 
0.4585 4.6665 


MEAN SOUARE FP-RATTO 
feiise 4 1,.0654F+2 
6.6753F 3 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


PURBIN-WATSON: 2.56431262 


meee OU WANT TO FORECAST A VALUE FOR Y? 


N 


OO YOU WANT TO SCAT RESIDUALS VS. 


Y 
RANGE OF X; 
RANGE OF Y: 


| ° 


0.4 2 
0.05 0.15 


mal. 2 

io OG 1 4 78 39.) 7 
Wi 2 9 Oro 20 30 107 6 
eet 3 AS) Oa lan oy) 
0, She yee 22 447 
Or. 1 Jeo 57 oy 2ZB049 
jae 43 1.039@86579 
Po O 2 Lt eos 2D 


Phi Gere Dy 2 


On9180.9097 746 
Ores 5 O10 7 6 01: 
Oe OaS Die 336.3 1 
0O.03882214%71 
O.04737280489 
OSL eo ie 
Orie 5250 6.67 


Pee) 





4 


teeoe REGRESS (AA*2) ,BB 


SOURCE OD 
REGRESSION 
RESIDUAL 
TOTAL 


O fn ry 


ANOVA 


SUM SQUARES 
1.5997£F00 
1.4u84uU9E 2 

1,.6146£F0 


MeOQUARE: 0.9908035651 
BID ERROR: 0.06092725545 
DS TARE S eres 


COEFFICIENTS 
“1.6193 
2.1716 
0.5039 


~6.289 
20.4843 
6.8772 


MEAN SQUARE 
7,.9987E 1 
Steg ets 


F-RATIO 
Deo ete 


BO YOU WANT A PRINTOUT OF THE VARIANCE -COVARIANCE MATPIX? 


N 
DURBIN-WATSON: 


1.42 


yoo 049 


wO YOU WANT TO FORECAST A VALUF FOR Y? 


i 
DO YOU WANT TO 


ie 
RANGE OF X: 0.5 
RANGE OF Y: “0.1 0.1 


me, o 
eo? S 
ro 1 2 
1.442 
Ooo 7 
Deo 0 2 
ed Oo 
Me 2 6 


DCALereohNUALS Vo, 


2 


PROOF Or 


oO 9 Bee O4y 5 
poe O 751, 3 1 4 
~448145766 
~9634941807 
~o2O094n7 005 
yO eiees GL 
eee Goes 


Ee Cr) ye” 


0.026859015%4 
0.08399786856 
0,06145766455 
0.07649418068 
0.07278348100uU6 
Oo 01 34 2676 9°86 
0.901369522h07 


Vs 





Z*S3 REGRESS (AA*2),BB 


ANOVA 
SOURCE OF SUM SQUARES 
REGRESSION 2 1.1186F00 
RESIDUAL 4 5. 3102F sD 
BOTAL 6 Tyg aeo 
R SQUARE: 0.9546777874 


STD ERROR: 0.1152196689 
COEFFICIENTS CeCe GT TGS 
mt eosn0 2 W277 2.8 
1g2)7 9.1131 
om 7 Ou 3.4094 


MEAN SQUARE F-RATIO 
S.5928F 1 u,2128E+1 
L307 EE. 2 


mo YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


DURBIN-WATSON: 2.214813524 


DO YOU WANT TO FORECAST A VALUE FOR Y? 


il Sos 3s 38 
POS goo sa4 3 
ee Oe Ot aa 
O20 ao Oe 
Oost 1057 
p27 SEG 514 


N 

mO YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

Y 

BANGE OF X: 0.4 2 

RANGE OF Y: 0.15 0.15 

| s 

S 

| 

| 

| 5 

a ees 6 sate aoe a: = 

| 

| 

| 

Eo 

| 3 

| 

eo. 7 

707 1.826353334 
0.559 0.5962340839 
U9 1.386023981 
me o77 0,.9449404918 
0.525 Ge eouto7 106 
21 2 1.088050343 
it 37 4.14890405 


~01190805034 


aS 





Z2*S4U REGRESS (AA*2) ,8B 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE Fag Aer 
REGRESSION 2 1.3937£00 Saeco me 1 1.7748E+2 
RESIDUAL 4 te DH Or egs2 3.9262E 3 
TOTAL 6 1.409420 


R SQUARE: 0.9888569863 
BD ERROR: 0.06265913215 
eCmeame CIENTS Te sea io. FES 


m1. 4693 “5.5487 
2.0289 18.6091 
0.4784 6.3486 
DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 

DURBIN-WATSON: 2.645165667 

DO YOU WANT TO FORFCAST A VALUE FOR Y? 

N 

mor YOU WANT TO SCAT RESINUALS VS. PREDICTED Y? 
Y 

mech OF X: O.4 2 

MAVCE OF Y: 0.1 0.1 


| ° 
| 
| 
| 
| 
| 


| 

| ° 0 

| o 

| 

| 

| 

Su .Z 

7.092 1.931289602 “0208928960226 
Day 7 0.5588261138 OMotet 7 oes. S 
1.452 1.420953553 0.031046884683 
©. fet QROGE297G2727 0:52031923292659 
o. o1 0.5645143817 £9.0905451438173 
1.188 1.095204397 (OU 27 1960326 
a, 12 1.13628664 ~Q.016286F45966 


120 





Z2*S1 REGRESS (AA*3#2),BB 


ANOVA 
SOURCE ODF SUM SQUARES MEAN SQUARE F-PRATIO 
REGRESSION 2 1.4296EF00 Tetu7 er 1 1.4697EF+2 
RESIDUAL 4 1.9453E 2 4,8633E 3 
TOTAL 5 1.449050 


me OQUARE: 0.986574787 
STD FRROR: 0.06973750666 
COFFFICIENTS ESTATES ORCS 


“1.7842 5.7754 
2.3688 16.8837 
0.4622 5.5072 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVAPIANCE MATRIX? 
N 

DURBIN-WATSON: 2.304473244 

DO YOU WANT TO FORFCAST A VALUF FOR Y? 

N 

™) YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

y 

“RANGE OF X: 0.4 2 

MANGE OF ¥: 0.1 0.15 

| 


4 
NO 
( 
t 
t 
t 
t 
$ 
t 
t 
‘ 
4 
4 
1 
( 
t 
‘ 
i 
i 
( 
i 
( 
° 
( 


° 
e 
° 

oa, 2 
1.906 1.904334068 0,0016A5932428 
0.559 9,.5555183395 0.003481660541 
1.435 1.448975335 ~0,9139753346u 
0.939 1,.004620418 ~0.065629u18% 
0.51 0.506383762 90.003616238014 
a. 243 1,128 7905106 0.1142048403 
ey 0 2 4.145372918 TOPCO 34 2a ee 4 


Ih adh 





Z+S2 REGRESS (AA*3#2),BB 


ANOVA 
SOURCE DF SUM SQUARFS MEAN SQUAPE F-RATIO 
REGRESSION 2 1.5867F00 7293352 1 1.1373£+2 
RESIDUAL 4 2.7904E 2 6.9760F 3 
TOTAL 6 1.6146£0 


MmeoQUARE: 0.9827177035 
meo ERAOR: 0.08352232771 
| Beer ICIENTS feeceaeeio 1 LC 


mi. 98981 5 eT 3 4 
2.5003 14,88 
0.5029 5.0031 


20 YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 
y 

JURBIN-WATSON: 1.361783889 

Mm YOU WANT TO FORECAST A VALUE FOR Y? 

N 

me YOU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 

Y 

RANGE OF X: 0 2 

MANGE OF Y: 0.15 0.1 


° ° 

0 

eer = - ------ 

| 2 ° 

| 

| : 

| 

| 

ice, Z 

2.025 1.946574227 O20 sus 77 a1 
0.612 0.5249410664 0.08705893358 
Hm. uu? 1.472866743 “0.03086674309 
0.887 9.9935040853 0.19065049853 
0.502 0.4799842648 )PO027015 795 28 
m.115 Test 7 86052 ~0.01678835?742 
1.126 1. S98 1264 FOROCs32 126125 


ez 





| 


| 





Meo REGRESS (AA*3*+2) ,BB 


ANOVA 
SOURCE DF SUM SQUARES MEAN SQUARF F-RATIO 
REGRESSION 2 1.1439F00 5.7196EF 1 8. 24U69E+1 
RESIDUAL 4 DT IRIE 9 6.9355E 3 
mrOTAL 6 Meare 720 


R SQUARE: 0.9763226687 
(STD ERROR: 9.08327937299 


e@mre ICIENTS EO LATISEL CS 


mee 7 1 “4.6349 
2.1366 127s 
0.4811 u. 8 


DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 
DURBIN-WATSON: 2.22229438 


muO YOU WANT TO FORECAST A VALUE FOR Y? 
WN 


Meer OU WANT TO SCAT RESIDUALS VS. PREDICTED Y? 


| Y 
MANGE OF X: 0.4 1.8 


| ° 


MANGE OF Y: 0.1 0.15 
| 


| 0 0 

™ 0 

| ° 

| 

eo, 72 _ 

om. 707 1799256797 0.08625678731 
559 0.5855634384 ~9.02656343842 
1.49 Tt 72 5G (0780745396 
0.977 0.9672395632 0.009760436753 
525 0,.5707474942 “9, 04US747U94N2?Y 
Mm. 212 1.110058275 QOS ade ot 
m.137 1.167961896 ~9.,0309618958 


5 





Z+S4 





ANOVA 
SOURCE DF SUH SQUARES 
REGRESSION 2 1.3999F00 
me RESIDUAL 4 9.,u990F 3 
BPOTAL 5 1.4094uUFO 
R SQUARE: 0.9932601076 


STD FRROR: 0.04873147146 

_ COEFFICIENTS f STATISTICS 

| ~1.8366 “8.5076 

| 5 12 2g 
0.4818 8.2156 


REGRESS (AA*3*2),8B 


MEAN SQUARE 


F-RATIO 
6,.9994UF 1 27.947UR+2 


2257 U6r 3 


"DO YOU WANT A PRINTOUT OF THE VARIANCE-COVARIANCE MATRIX? 


N 


DURBIN-WATSON: 2.36840413 


N 
MeeerCU WANT TO SCAT RESIDUALS VS. 
Y 
BANGCE OF X: 0.4 2 
RANGE OF Y: 0.06 0.08 
| 
| | Bi 
| 
| 
mI ° 
| ° 
[-0o a eeeweeee2weewee@qeew@e2 22 = o- = 
be 
| 
° 
0 
Su 7 
1.892 1.887845824 
M577 0.5522409586 
ny. GD 2 1, bo eS 2 8 6 
19/31 0.9896040071 
ee 5 1 9.51406639951 
jm 189 ie oe tod 
we 12 1.155805483 





m0 YOU WANT TO FORFCAST A VALUE FOR Y? 


Ee Cees 


{ i | 
2 Oo Oo 1 oS © 


Fe 5 


24 


wOOId Std 75513 
O27 SOUT 2 
0 OS: ae Ome a 3 
~u8so04 002082 
POON Oh b 845k so 
~OF4OT5248B95 
Hoos OO e4e2 37 








APPENDIX D 
NORMALITY PLOTS 
MALL Possible Subsets Regression" was applied to the best 


Pomeeron, number ((13)), to check the assumption about the 
residuals being normally distributed with mean zero and 
Variance oh. BMDPOR [7] was used as program package. 
Figures8 through 11 show normal probability plots for 
standardized residuals for Groups 1 through 4. If the 
assumption about normality was met, the standardized resi- 
duals versus the expected normal values would follow a 
straight line. This is however not the case for either of 


the four groups. 
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Another interesting question answered by "All Possible 
Subsets Regression" was: which one of the independent 
variables gave the most weight to the regression analysis? 
For candidate model number ((1)), the untransformed data, 
mio robability, X 


and maximum range, X gave the highest 


de pbs 
weight for all four groups, with missile price as the third 


highest weighted variable. Reaction time, X and average 


3? 
missile speed, Xy> were both removed from the "best" subset 
in all four groups. So also was Xe for the expert group 
(number 3). Out of all possible subsets for all four groups, 
Group 2 using independent variables Xi; X, and xX. gave the 
overall best result with an Mallows' Cp = 2.87 [8; pg. 532], 
fener s Close to the ideal value 3.00. For further details 
see Table 15. 

The same procedure was applied to the data transformed 
by the best equation using Group 4 as an example. In this 


case the "best" subset gave a result almost identical to 


that one obtained by ''REGRESS"; see Table 16 for details. 
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Table 16 
Statistics for Best Subset for the Best Equation, 
Candidate Model Number ((13)), Group 4 
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